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DYNAMIC ANALYSIS OF
LIQUID-METAL-COOLED FAST POWER REACTORS

by

J. A. DeShong, Jr.

ABSTRACT

The small-signal dynamic behavior of liquid-metal-
cooled fast power reactors is analyzed by means of feedback
control theory.

Transfer functions to calculate dynamic feedback re-
activity generated by fuel expansion, sodium void effect, and
thermal motion of control rods are developed, as well as a
computer program to calculate dynamic feedback reactivity
produced by thermomechanical distortion and movement of
the core fuel elements. A theoretical block diagram of the
EBR-II reactor system is constructed fromthese elements.

I. INTRODUCTION

The dynamic behavior of liquid-metal-cooled fast reactors is sen-
sitive to many factors that influence reactivity, such as sodium void effect,
axial thermal expansion of fuel, heat transfer from fuel to coolant, Doppler
effect in large cores, and the radial movement and distortion of fuel sub-
assemblies due to thermal gradients in the core. This report describes the
results of a study made of a specific reactor for the purpose of developing
a theoretical description of the reactor core dynamics.

The following sections develop in dynamic form the linear compo-
nents of feedback reactivity by using heat-transport considerations. The
linear treatment is suitable for everything but the structural distortion,
where the structural component movements all interact on each other in a
complex way. The latter case is attacked by numerical analysis using a
computer program, BOW III, developed to analyze a specific reactor core
structure as an example. Static heat-transfer calculations were made by
Cushman to develop radial differential temperature profiles of the fuel
subassembly.! These profiles are used as input to the BOW III program to
calculate the static power-reactivity coefficient, which is defined as the re-
activity generated by structural movement due to a specific change of reac-
tor operating power from one equilibrium value to another.




The dynamic reactivity change due to structural motion .is obtaine.d
by making heat-transfer calculations to determine dynamic radial and axial
temperature response to a rod-drop reactor power-time function. The
calculated dynamic temperatures are used to obtain the differential tem-
perature profiles at specified times over the time range of interest. These
profiles then are inputed to the BOW III program to determine the struf:tura.l
positions at the specified times. The dynamic motion of the structure in
response to a rapid change in reactor power could also be influenced by
mechanical inertia, spring constants, and damping. However, for the chosen
example, the motions and therefore the inertial forces are small, while the
spring constants expressed in force per unit distance are very large.
Therefore the mechanical movements are assumed to follow the tempera-
ture changes with no time lag.

All the foregoing work is combined to develop a system block dia-
gram to represent the theoretical core dynamics of the EBR-II reactor.
II. LINEAR REACTOR CORE DYNAMICS

A. Heat Transfer of Core Fuel Element

The individual fuel element is taken as a right circular cylinder,
divided into two annular regions of equal volume, shown as @® and @ in
Fig. 1, which is a cross section of
the cylinder. These are surrounded
by another annular region of coolant,
shown as @ Then D,, the outside
diameter of the inner volume, is
0.707 times D4, which is the outside
diameter of the outer volume. The
heat capacity of each volume can be
lumped at D; = 0.5D4 for the inner
volume and D; = 0,866D, for the
outer volume. The heat generated
in each volume is taken as originat-
ing at these same diameters. Ry,
then, is the reciprocal conductivity
from the inner to the outer volume,

(D INNER FUEL VOLUME

(2) OUTER FUEL VOLUME

@ caalaNT VoLNE and R, is the reciprocal conductivity
from the outer volume to the coolant
Fig. 1. Cross Section of Fuel Element surface, including any film effect.

Rj3 is the reciprocal conductivity
from the fuel-element surface radially to the center of mass of the coolant.
These are reciprocal conductivities evaluated using the fuel-element
length (L). '



b 8 Figure 2 shows the above

c
SARS s, P03 % l quantities assembled into a heat-
& g ot il 0 flow diagram. The lumped heat
{ I ! & capacity of each half-volume is des-
92 = g =} c,.,.',L. 15Ea“ ignated C;, and the heat gene.ration
o rate in each half-volume as Q/2 cal-
-’V 1 ories per second. The coolant heat

capacity is represented by CNa:
Fig. 2. Heat-flow Diagram for Fuel Element and the heat deposition rate into the
coolant by q. The heat transport
rate out of the core, as a result of coolant flow, determines RyR. All of
these are evaluated based on the fuel-element length, L. Average fuel
temperature over length L is Op; average coolant temperature over L
is 6¢. In this study, heat transport time in the coolant is negligibly small
compared to the basic fuel-assembly time constant, since flow velocities
are high. The above temperatures, therefore, are those at the core
centerline.

B. Coolant Void Effect

The dynamic void reactivity produced by the thermal expansion of
the liquid-metal coolant can be expressed in the Laplace transform as

Laplace[F(K6./Q)] = p K. x Laplace[F(8./Q)),

where p. is the reactivity change per unit density change, and K. is the
coolant density change per unit coolant temperature change. The transform
quantity on the right of the above equation is the solution to the heat-flow
diagram of Fig. 2. If Cy, is small and can be neglected as in the case
considered here, the solution is a quadratic expression of the form

g sR,C,
als) _ B .
Q(s) 1+s(Ri+2Ry)Cy+ s’R,R,C?

where
Ry = R; + R; + RyR.
Then,
6c = QRyR:
and
. PKcRyR (l > SRZICI)
Laplace[F(K8./Q)] =

1 + s(R;+2Ry) C; + s2R|R,C¥
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This expression is used in Appendix A to calculate the dynamic coolant
temperature response for rows 1-6, 9, and 10-15 of the EBR-II reactor.
Since the value of p. is very small for rows outside the core, the solution
for core rows 1-6 was chosen to represent the dynamic coolant void effect
in Section IV.A of this report. The solutions for rows 9 and 10-15 are used
later in Section IIL.B to develop the dynamic structural reactivity. The
solutions of rows 7 and 8 require consideration of radial heat flow as well,
but, since rows 7 and 8 have only minor coolant void effect, their solution
will be given in Section III.B, where they have a large influence on the
structural reactivity component.

C. Fuel Axial-expansion Effect

The fuel axial-expansion effect is considerable with metallic fuel
such as that used in EBR-II and similar reactors. The dynamic fuel expan-
sion can be expressed in Laplace transform as

Laplace[F(K6r/Q)] = ppKy x Laplace[F(65/Q)],

where Py is the reactivity change per unit change in core length, Kp is
the thermal-expansion coefficient of the fuel, and O is the average fuel
temperature, defined as the temperature in the fuel at 0.707 of the fuel
outside diameter.

The transform quantity on the right above can be shown to be

L+ sc. 2RiRs
Splel. _4m,+m, tolan, R,
Q(s) 4 14 s(Ry+2R,) C; + s?R;R,CE
Then,
2RiRis
Lo gley e
. RO R LR R
Laplace[F(K8p/Q)] = ppKp - g = !

4 1 + s(R, +2Ry) C, + s*R,R,C}

The above expression is used in Appendix A to calculate the dynamic
fuel expansion response for rows 1-6. This solution appears as the fuel
axial expansion in Section IV.A.

D. Axial Expansion of Control Rod and Subassembly

A reactor whose control subassemblies are suspended from above
and immersed in the coolant can generate feedback reactivity due to axial
thermal expansion of the rods as the coolant temperature changes with



power. In certain cases, the amount of such reactivity plays a significant
part in the total feedback. Such is the case with the EBR-II reactor, where
the control-rod drives are calibrated at equilibrium powers to correct for
this effect.’

The dynamics of such expansion, which forms an important part
of the system dynamics, is determined by dividing the length of the rod
and the subassembly into sections, each of which possesses characteristic
dynamic heat-flow properties. Calculations of the properties of each sec-
tion are then used in combination to represent the way in which the total

drive length, and thereby the feedback reactivity, varies with reactor power.

The EBR-II control rod and subas-
1 sembly can be divided into four sections,
TO DRIVE MECHANISM which possess distinctly different dynamic

I heat-transfer characteristics. The sec-
tions are shown as L, through L4 in

I Fig. 3, which is a sketch of the control-
I rod sus]::ension.3

TOP COVER I
\ ‘ The first section (L,) will expand
L or contract in a way governed by its cool-
__t' [ | ant temperature (6.) and by the transport
puenum —— L = 1 time required for a coolant temperature
be change to travel the length of the section.
] The relation of coolant temperature and
! power can be taken from Section IL A

above, and a single time-constant equiva-
lent assumed for the transport lag. The
transform of feedback reactivity divided

CORE:

¢ I : :
00 FUEL by power change for section L, then is
2K (1 'R'C‘)
(8K/K)(s) _ LA 2 LW
Fig. 3. Control-rod Suspension AP(s) 1 + s(R;+2R,) C, + s?R,Ry,C? 1 + 778

where 2Kj, is the equilibrium change in fuel subassembly coolant tempera-
ture with power, in units of degrees centigrade per megawatt; Cy , is the
expansion of section L,, in units of centimeters per degree change in cool-
ant temperature; W is feedback reactivity inunits of 6K/K per centimeter
of fuel movement; and T is 0.63 times the transport time of the coolant
through L;. The remaining R's and C's are those defined in Section IL.A.

All the remaining sections (L, Lj, and L,) respond to plenum
coolant temperature, which in EBR-II is delayed with respect to the fuel
subassembly coolant temperature by the coolant holdup time of the upper
plenum shown in Fig. 3. If a simple lag represents the holdup time, the
transform of plenum temperature divided by power change is

11
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AGP(S) K
AP(s) = I+ s

where K_ is the equilibrium change in plenum coolant temperature with
power, in units of degrees centigrade per megawatt, and T, is 0.63 times
the plenum coolant holdup time. This assumes that core coolant transport
can be neglected as short compared to plenum holdup time, and that blanket
coolant transport time can be neglected because of the small amount of
heat it supplies to the plenum. Now that the plenum temperature response
is available, the response of control rod section L, to power is

(AK/K)(s) Ky CpW

I e TpS & i

where Cj,, is the expansion of section L,, in centimeters per degree
change in coolant temperature, 7Ty, is the time constant that relates the
internal temperature of the 0.l-cm-thick subassembly hexagonal contain-
ment shell to the coolant temperature, and the other constants are as
previously defined.

The radial heat transfers of sections Lj; and L, shown in Figs. 4
and 5 must be calculated to determine their respective expansion charac-
teristics. Both sections have similar alternating annuli of sodium and
stainless steel, but of differing thicknesses. Therefore both may be rep-
resented by the radial heat-flow diagram in Fig. 6. The lumped heat capa-
cities of the annuli from inner to outermost are C;, Cng, and C,,
respectively. Each is lumped at the diameter which divides the annulus
into two equal volumes. The reciprocals of the heat conductivities of the

STAINLESS STEEL 4 STAINLESS STEEL

Fig. 4. Cross Section of Control

Fig. 5. Cross Section of Control
Drive Rod at L3 ¢

Drive Rod at Ly



6, portions of annuli between these points
o WA ! 'A':." ~ uﬂ:..f o of lumped heat capacity are designated
} R;, R Ry, and Ry (proceeding from
s F | inner to outer annuli). The plenum
¢ Py o ¢ coolant traverses an annulus between
T | the reactor top cover hole and the
o : 1 drive rod that passes through this hole.

The quantity ABpc, which represents
the temperature of the coolant in this
annulus, is assumed to be identical to
A6 but about 10% lower because of heat loss to the surrounding cover.
Also, the practical magnitudes of the heat conductivities and capacities of
the inner annuli are such that only Ry and C, are needed to obtain a good
approximation for the responses of sections L; and Lg.

Fig. 6. Heat-flow Diagram for the
Control Drive Rod

The response of section Lj to power is

(6K/K)(s) : 0.9KP . CrsW
APlg) " 1 % TpS 1 +Ty,s8

where Cp,, is the expansion of section Lj, in centimeters per degree
change of coolant temperature, 7y, is R4 times C, evaluated for section
L;, and the others are as defined above. Similarly,

(6K/K)(s) B 0.9Kp ! Cr W
AP(s) ~ 1+7Tps 1+ Ty .48

with similar definitions to those above but relating to section L.

All the relations appearing in this section are evaluated in Appen-
dix A for use in Section IV.A.

III. THERMOMECHANICAL DISTORTION AND MOVEMENT OF
THE CORE FUEL ELEMENTS

This section is specialized in the sense that any structural treat-
ment must necessarily relate to a specific design, in this case, the EBR-II
reactor core design. The effect of the small core is to make reactivity
sensitive to fuel subassembly movements as small as one-thousandth of an
inch. Small thermomechanical motions of the subassemblies are therefore
important to the reactor dynamics and must be calculated to determine the
structural feedback reactivity component.

13
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A. BOW III Computer Program for Determination of Equilibrium
Reactivity

The fuel elements of the EBR-II core are contained in semi-free-
standing hexagonal subassemblies, with lower coolant nozzles fitted into
holes in two grid plates so that they stand upright.> They are spaced about
1/32 in. from each other on all sides of the hexagon, except at the center.
At the center, buttons are embossed to reduce spacing to 2 mils to limit
movement, but still allow the subassemblies to "flower" outward at the
top in response to radial thermal gradients that develop due to heat trans-
fer as reactor power increases. Many combinations of subassemblies such
as core and inner and outer blanket types are possible, but the chief inter-
est is in the combination used in reactor run No. 26, where considerable
positive structural feedback was observed. This run and its loading are
described and analyzed in Refs. 2 and 4, where the bowing problem is dis-
cussed in detail.

Bump® later developed a method of numerical analysis, known as the
BOW II computer program, to compute the structural distortion of the sub-
assemblies by treating them as loaded flexible structural beams. The out-
put of this program, which used approximations for the beam formulas,
showed positive reactivities corresponding roughly to the amount of posi-
tive reactivity that could be postulated from reactor measurements from
which other known reactivity effects were subtracted, To make dynamic
aiaiz.sm_‘pos sible, I calculated the actual beam formulas representing the
various modes of bendmg in the subassemblies and mcorporated them into
a new program known as BOW III. The bending modes and the formulas
are given in Appendix B along with the method used to calculate the for-
mulas. The FORTRAN description of BOW III appears in the same appen-
dix. The input required for the program includes data about the subassembly
mechanical properties and the equilibrium radial differential temperatures
of the subassembly evaluated for 10 axial positions along each subassembly.
References 1 and 2 describe the method of determining the differential
temperatures.

The output of BOW III is a listing of the equilibrium radial locations
of each subassembly at 10 axial positions. The core is influenced chiefly
by positions 4, 5, and 6, which represent the “bottom, center, and top of the
core. The Welghted position shift of each row of subassemblies is deter-
mined from BOW III data, and then the reactivity worth of the shift evalu-
ated by using constants developed for rows 6, 7, 8, and 9. This evaluation
assumes that the structure from row 6 to the core center shrank or ex-
panded radially 1n‘p}oport1me row 6 movement. Thus the entire core
reactivity change is evaluated in terms of row 6. The effects of rows Bs8,
and 9 on reactivity are calculated using the respectlve constants for each
row; rows further out have greatly reduced effect and are neglected.
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Appendix B gives the constants for

oy 3 I S aand but T T T 2l
rows 6, 7, 8, and 9, in inhours per
56 | mil, together with the differential
2 temperature profiles and subassem-
e D CALCULATED FROM o bly mechanical properties used as
V& input to BOW III to calculate the
8 et i equilibrium reactivity curve shown
BOW 1l 7 in Fig. 7. Also shown in Fig. 7 is
; 32| \/’/ | @an experimental curve taken from
z / Ref. 6. Convergence difficulties
§ oo cause the lack of smoothness in the
24 i - .
/ calculated curve, although in general
/ the two curves are in good agree-
b o/ 7 ment.
/
r / 1 B. Heat-transfer Dynamics of
J/ Reflector Subassemblies
or B
A5 — The stainless steel reflector
REACTOR POWER , MW subassemblies in rows 7 and 8 re-

ceive an appreciable amount of heat

Fig. 7. Equilibrium Feedback Reactivity of Structure

due to radial heat transfer from

row 6 to row 7 and from row 9 to
row 8. This transfer of heat must be taken into consideration, and there-
fore rows 7 and 8 cannot be treated as the other rows were in Section 1A,

An approximate treatment is used,
which includes a number of assumptions

and is based onthe results of equilibrium_

calculations contained in Ref. 1, The sub-
assemblies of both rows 7 and 8 contain
19 solid stainless steel rods, which are
1.25 cm in outside diameter and 140 cm
long, centered about the core axial center-
line. Figure 8 shows a subassembly cross
section. Inthis figure, QRadial is the heat
flow between rows 6 and 7 or between
rows 9 and 8. Zero heat flow is assumed
between rows 7 and 8. The individual
axial coolant passages act as effective
heat barriers in the radial direction.
Therefore the temperature of the subas-
sembly hexagonal can on the radial heat-
input side will assume a temperature
between that of its own immediately adja-
cent coolant, 8;Cin» and that of the cool-
antinthe adjacent subassembly hexagonal

—— AVERAGE ELEMENT

OnapiaL*0

Fig. 8. Cross Section of Reflector
Subassembly



can. The adjacent subassembly can is row 6 for row 7 and row 9 for row 8.
The relation between the coolant temperature (6.) and reactor power for
rows 6 and 9 was determined in Section II.A. The coolant temperature of
row 6 is controlled almost completely by the heat generation in row 6.
Therefore the radial heat flow to row 7 from row 6 is proportional to the
coolant tempergu}'é of row 6. Rows 9and8 are analyzed similarly. The

T reflector coolant temperature, 8:Cin’

p s = )

on the radial heat-input side is depen-
LSS 22 dent on the heat generated in the half
% P 7 kg of each element in contact with the
il s 8 hexagonal can, such as the average
ALHEALEON element shown in Fig. 8, and also on

QRadial from the next row. Where
QRadial is zero, the half-elements
alone control the reflector coolant

o—v

g temperature. Figure 9 is a simpli-
Q—

fied heat-flow diagram for the re-
flector subassembly. The chief
influences on conductivity between
Fig. 9. Heat-flow Diagram for Reflector Subassembly the nearest coolant passages of two

adjacent subassemblies are the hex-
agonal cans themselves. Then the total reciprocal conductivity of two hex-
agonal thicknesses in series is 2R;. RypR is the effective reciprocal
conductivity due to heat removal by coolant flow. The reciprocal heat con-
ductivity of one half-element facing an outer coolant passage is twice that
of a full element, or 2R,, where R, is the value calculated for heat flow
between the diameter where the full element heat capacity (C,) is lumped
and the coolant. (The above diameter is 0.707 times the element outside
diameter.) The outer temperature of the row 6 hex is 6 gHexout? 8 Hexin
and 6;Hexout are inner and outer temperatures of the row 7 hex. The dif-
ferential temperature that causes the bowing is designated AT;. The row 6
coolant temperature (6sc) and the heats generated internally in half of a
row 7 inner element or an outer element (designated Qo and Qg respec-
tively) are all propostional to the reactor power (P).

B¢ = KiP/(1+76c®)
el

B. EQUIVALENT DIAGRAM FOR ROW 7

It can be shown that the Laplace transforms of the inner and outer
hexagon temperatures are

sC,(2R, +R
Thepiallor Sl £

KRy g
el ), 3 1.5R; (K, - K;RyR) 2 S ;
1T R, ¥ 2R; + R 3 c P .
1 VR i sC1(2Rz +RyR - Ryg) | 1 * TecS

2



and

97Hexout(s) O K3RyR
P(s) g sCi(RyR + 2R;) "
$ >

Then,

ATq(s) a 6:Hexin(s) - 7Hexout(s)
P(s) P(s) g

Similarly it can be shown that the transforms for the inner and outer
hexagon temperatures of row 8 are

O8Hexin(s) i K¢RyR
P(s) sC;(RyR +2R,)
l +—m——r—
2
sC1(2R; +RyR)
I —7
" (l Ks»RVR)
98Hexout(s) = 1.5R, (K, - K5RVR) : . i 1
P(s) ) A 2R; + Ry sCi(2R; +Ryp -Ry,p) | 1+ Tocs
1+
2
and
»
ATg(s) BsHexin(8) - OsHexout(s)
P(s) = P(s) :
100 . s . . The above equations are evaluated in
Appendix C for the conditions of Run 26,
i using data from Refs. 1 and 2.
098 .
%_ C. Calculation of Structure Dynamic
g assH . Reactivity
o
5 The dynamic feedback reactivity
g S | is calculated by inputing a rod-drop
reactor power-time function’ like that
092} 4 in Fig. 10 to the individual row dynamic
i 1 equations and evaluating them as a func-
! ; h £ v tion of time. Each row time function

0 2 . ~ - © that results will have a specific value
s at a given time, which may be used to

Fig. 10. Power Variation with Time for multiply the starting power differential
a Rod-drop Experiment profile (Tp) for the row to obtain the
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new profile at the given time. The general form then is
= 1+C(t
(Ta)y (P/45)((TA)[P:45Mw,t=O])[ (1],

where P is the starting power in megawatts, and C(t) is a function that
describes the time behavior of a particular row. When the rod-drop reac-
tor power-time function is represented by a ramp plus an exponential, as
in Fig. D.1, C(t) has two general forms, which can be used to describe all
rows. These are:

1. Rows l-6 and 9-15

Horati=ity,

C(t) = (épz)to% [eXP(-t/01> +Oil-- 1].

0

For t > tg,

AP) 01

o) - g +(55) 2 feuw(-t/a) - expl-e-ta)/o1]}

B TK exp[-(t - to)/TK] - (01) exp[-(t- to)/ol]

fo | @A 7 4
23 Rows 7 and 8
For t = tg
@) = s {(t- 0, - 0z +03) + il Gl vl /) _ %al02- 0s) exp(-t/0y)
to @ =0l 0y =0y
e Tt >atoy
( 3)
clt) = Kg + (AP/P)%:(;;_Z)- {exp(-t/0,) - exp[-(t- to)/a)]}
(8p/P),, f(‘j—;’)’ {exp{t/as) = expl-(t - to) fagl}

Ko,(03 - 01) Ko(05-0,)
M e ] e 01)(02-2710 exp[-(t - t5) /0]

K7p(os - Tg)

SR v ge ameel Al



Values for the constants in the above functions are obtained from Appen-

dix D, and C(t) is then evaluated by means of a computer program,
PROFILE, whose output consists of decks of temperature profiles in BOW III
format (see Appendix D). These are then inputed to BOW III to obtain the
dynamic reactivity response to the specified AP/P time function. Initial
calculations have shown large fluctuations, which are caused by convergence
difficulties in the BOW III program. A new BOW IV program is being de-

veloped to eliminate these problems.

.10 T T T T

ROW 7,
008~ -

cm

TIME, sec

Fig. 11. Dynamic Change in Row Differential
Temperature Profiles

The above C(t)'s can be used
to estimate the structure feedback
reactivity. The C(t)'s plotted in
Fig. 11 are for Run 26B (see Table VI
in Appendix D) as calculated by
PROFILE. The equilibrium starting
value for all rows is 1.0, so that the
profile differential temperatures for
row 7, for example, would all be mul-
tiplied by 1.097 at 10 sec. The reac-
tivity worths of rows 6 and 7 dominate
rows 8 and 9, and row 6 tends to fol-
low the row 7 position. Therefore,
if rows 6 and 7 are assumed to move
inward with a position change similar
to the temperature changes shown in
Fig. 11 for row 7, the reactivity
change can be estimated. Figure 7
indicates that the calculated BOW III

curve changes about 54 Ih from 0 to 45 MW This is about 1.2 lh/MW or
3.7 x 1072 $/MW. Then the positive strulture reactivity change for the

rod-drop can be estimated as

(Ak/k)y = (3.7x107)(41.4 MW)[C(t)],

(Ok/K)1sec = 3.7x 107% x 41.4 x -5.77 x 1072

(Ak/K)ssec = 3.7x 107 x 41.4 x -7.00 x 1072

and

-9.0 x 107;

-10.8 x 1073,

(Bk/K)osec = 3.7x 107> x 41.4 x -9.71 x 107 = -15.0 x 107>,

If the above values are added to those in Fig. 13, the total reactivity

feedback is

(Ak/k);gec = +3.7x 107 §,

(Ak/k)ysec = +5.5x 107 §,
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and

(M) e ol =R hilOB 102258
The corresponding experimental values were +5.1 x 1073, +6.25 x 1073, and
+9.2 x 1073 §, respectively. The agreement is fortuitously good and indi-
cates that the method is sound.
IV. SYSTEM BLOCK DIAGRAM OF CORE DYNAMICS

A. EBR-II System Diagram

Figure 12 is a system block diagram incorporating all the core re-
activity feedbacks treated in the preceding sections. The individual blocks
are shown in the simplified forms developed in the various appendixes,
where each block was evaluated for the EBR-II Run 26 core configuration.
P(s) is the EBR-II zero-power transfer functio‘n.a’9 The dynamic linear »
expansions of the control-rod sections are repr\esented by d1.;, d1.2 dis»
and dj 4. The row temperature profiles are designated (TA)N,P , where

N is the row, P is the starting power, and t is the time for which the pro-
file was calculated. The button positions of rows 6-9 as a function of time
are shown as dg¢-dg. The reactivity coefficients (pg-po) for the above rows

are expressed in reactivity per unit displacement.

BK/K)pop RGP 4~ o AR/P mp ap Ke AQ(F)- GV iaL FueL
1+.17s
BRKrora reeoack 8c1-ce)
(BK/K)ND STRUCTURE
s
, — & O]
(KK pooant
voID
C ds PROFILE PROGRAM
6 (18)
o LRt L Rowc)  Tats)ae(s)
T8 .t
; o K()
C " et -..c | [e:1sy)
g K() « [149.7,

= 7

BONERT === [1+.196]-1+7.34]

PROGRAM | __ | . K(J) - [1+8.48]

[146.36] - [1+7.35] ‘
& ih (8K/K) gop
14,p,t fiv6.29 BANK ]
(Ta)15,p ¢ K() -
e [1+15.59]

Fig. 12. System Block Diagram of EBR-II Core Dynamics




All elements on Fig. 12 are shown in the linearized transfer func-
tion form described in Ref. 9, ‘except for the core structure component,
which is the nonlinear element shown within the dot-dash lines. The core
component could be shown in approximate transfer function form by the use
of artificial time constants and coefficients which would not be directly re-
lated to physical heat-transfer phenomena. However, every set of reactor
test conditions would lead to a new set of arbitrary constants and coeffi-
cients that would not be particularly useful for analytic purposes. There-
fore, it is left as a nonlinear element, and the time domain is used for
analysis in the following sections.

B. Calculated Reactivity Time Response to a Reactor Rod Drop

As mentioned in Section III, the EBR-II reactor experimental run
No. 26 was of special interest because of the large positive structure feed-
back.? Therefore, from here on, the analysis is based on a specific rod-
drop experiment done at 41.4 MW during run No. 26. The variation in
reactor power with time which occurred during this experiment is shown
in Fig. D.1. The continued falloff in reactor power after the fast ramp in-
sertion of the control rod, as shown in Fig. D.l, will persist until the nega-
tive reactivity inserted by means of the rod is just compensated by the
feedback reactivity regained by reduction in power. The total dynamic
feedback reactivity generated by the remaining parts of Fig. 12 was calcu-
lated as in Section III.C for the structure by inputing the above rod-drop
reactor power-time function into the point marked AP/P after opening the
loop by removing P(s), the zero-power function. Time functions were cal-
culated for each part by inverse
Laplace transformation using the
DYNAMIC computer program de-
scribed in Appendix E. The power
reactivity coefficients used for so-
dium expansion and for axial fuel
expansion were those derived for
Run 26B by Persiani et al.® Fig-
ure 13 is a plot of the individual
functions and their sum.

0030 T T T T

(BKK)py 0 * BK/K)on any * BK/Klgog
00251 FUEL VOI0 BANK

0020+
PralamMw

0015

REACTIVITY FEEDBACK, dollors

ooiot
V. SUMMARY AND CONCLUSIONS

(B3KXc 0oL ant
Vvoi0

ey The direct systems approach

used in the preceding sections of

L N this report has led to a theoretical

description of the power behavior

of a small liquid-metal-cooled fast

Fig. 13. Calculated Reactivity Variation with Time breeder reactor. Although a detailed
for a Rod-drop Experiment analysis of a particular reactor

ﬂl/l)m
BANK

TIME, sec
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(EBR-II) was made using the theory, it is emphasized that the time domain
analysis of any reactor and that the

i rful tool for the 2
U N B plication. These methods are particu-

methods described here have general ap s
larly useful for determining the theoretical performance of p'rehmmary
reactor designs before construction. This would apply especially to a reac-
tor whose cores are constructed of large numbers of long, slender fuel
elements, which are loaded vertically into the core and which interact on
each other as a result of the core axial and radial thermal gradients.

The analysis of the EBR-II reactor points up the need to consider
carefully the thermal gradients in a core and the resulting thermomec}')an-
ical core-movement effects on reactivity. The BOW III program permits
a systematic evaluation of the effects of thermal and mechanical parameter
variations on core reactivity, where the calculated final core subassembly
positions are accurate to about 1 mil. This is not sufficient resolution for
determining core thermomechanical dynamics, and, in fact, about another
factor of ten improvement to 0.1 mil is required. An approach to this
problem has been instituted in the BOW IV program presently being devel-
oped. In this program, the entire group of core subassemblies is consid-
ered as a large three-dimensional interacting array of springs with gradual
increase in the number of subassemblies treated as a group as power is
raised. This is unlike BOW III, where each subassembly is treated indi-
vidually as if imprisoned between the subassemblies directly adjacent to it.
Interaction information from more distant subassemblies is required, and
BOW IV will provide this. The added information entering into the calcula-
tion should provide the desired position resolution.

The dynamic heat-transfer calculations delineated in the foregoing
sections, while sufficient for preliminary evaluations of designs, could be
based on a much more finely divided axial and radial mesh of lumped ele-
ments of the type used by Cushman' for the equilibrium temperature dis-
tributions used for BOW III. It would be necessary to introduce heat
capacities and axial heat flow dynamics, and these would materially increase
the labor required and would probably be justified only in very specific
design cases.

The overall dynamic reactivity results inferred as a result of the
calculated row 7 movement at the end of Section III agreed well with the
experimental measurements made by Hyndman,’ and the improved BOW IV
program should lead to even better agreement.



APPENDIX A

Dynamic Heat-transfer Calculations

1. Fuel Subassembly; Rows 1-6

a. Dynamic Coolant Response

Since the heat generation rate (Q) is proportional to reactor
power (P), the expression for reactor coolant temperature on p. 9 can be
rewritten as

sR,C
ABc(s) KL(1+ 2l l)

APR) 1R B(R;22R,) C, + 8RR

where (as before)
R, = R; + R; + RyR.

The various reciprocal heat conductivities (R's) and heat capacities (C's)
can be calculated from the physical properties of the materials used. In
all the examples given, liquid sodium (~700°F), Type 304 stainless steel
(~700°F), or uranium are the main constituents. Their physical properties
are listed in Table I.

TABLE I. Physical Properties of Type 304 Stainless Steel,
Liquid Sodium, and Uranium

304 SS Sodium Uranium

Density, g/cm? 7 4 § 0.97 19.0
Conductivity, cal-cm/sec-cmz-°C 0.048 0.174 0.082
Specific heat capacity, cal/g°C 0115 0.305 0.038
Expansion coefficient, cm/em°C 1.8 %107 - -

Since internal generation of heat in the core subassemblies in
rows 1-6 occurs chiefly within the core length of 36 cm, the calculations for
these rows are based on this length, but the calculations for rows 9-15 are
based on a length of 70 cm.! The outer diameter of the fuel pin (D4) is taken
to be 0.37 cm (see Fig. 1); the outer diameter of the stainless steel reflector
and uranium blanket pins is 1.25 cm. The outside diameter of the effective
coolant annulus (Dg) is ~0.54 cm for the fuel pin and ~1.33 cm for the re-
flector and blanket pins.
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The heat capacity (C,) of the equal inner and outer volumes (see
Fig. 1) is

C,; = volume x density x specific heat capacity.
For rows 1-6,

2
B w(M) x 36 x 19.0 x 0.038 = 1.40 cal/°C.

Since the heat capacities are lumped at diameters D, and D;, the reciprocal
heat conductivity (R,) between these points is calculated using the mean
cylindrical area and the radial distance between the two diameters. The
reciprocal conductivity between D; and D, is

loge (D;/D;)

Ra = 27 x conductivity x length

Eorirows 1-6,

_ loge (0.866/0.50)
T "27% 0.082 x 35

R, = 0.0282°C/cal-sec”!,

Similarly, for R,,

loge (1/0.866) =
= =0 2 1= :
2 = %0082 x 36 - 0:0078°C/cal-sec

Then, for R;, for a clad pin of the type used in EBR-II, the film and cladding
total temperature drop can be approximated at power by making Rz —
(R;/2) + R,, or

R; = 0.0282/2 + 0.0078 = 0.0219°C/cal-sec-!,
The core coolant temperature (6c)

perature or one-half the core outlet temperatu
with the pPreviously calculated R's, which are

is taken as the average tem-

re, so that RypR is compatible
all mean values.

Then, for RVR,
QElement = (509 kW/91)(238.9 cal-sec™!/kW) = 1342 cal-sec™!;

RyRr = (Tout/z)/QElement

"

lis4/(z = 1.8)]/1342 = 0.026%C/cal-sec™! (see Ref. 1),



The coolant heat capacity (CNa) is calculated in the same way
that C, was treated.

For rows 1-6,

CnNa = (65/500) x 36 x 0.97 x 0.305 = 1.38 cal/°C.
The time constant represented by

RVR(R; +R;3) P
oy TR T CNa = 0.019
is so small that it was possible to neglect CNa in deriving the expression

for ABc(s)/AP(s) given on p. 23. The evaluation of this expression for
rows 1-6 is

AB(s) Ky[1+s(0.0282 x 1.4/2)]
AP(s) 1+ s(0.0282+0.1114) 1.4 + s°(0.0202 x 0.0557)(1.4)°

KL(1+0.02s)
1 +0.195s + 0.0032s°"

The denominator may be factored to give, for the average
coolant in the core,

£Bc(s) _ K1.,(1+0.02s)
AP(s)  (1+0.173s)(1+0.018s)

e KL .
Ot g T

b. Dynamic Coolant Void Response

The above expression for A8¢(s)/AP(s) may be applied to the
sodium expansion effect in the core, which is one-half the total effect. The
remaining one-half of the effect comes from the coolant volume between the
core and the upper plenum. The transport time through this region is

. 25.5x 2.54 cm

ty = W = 0.13 sec, or 7, = 0.07 sec.

Then, as a first approximation, for the coolant directly above the core,

ABy(s) _ 2K7,
AP(s)  (1+0.19s)(1+0.07s)’

25
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c. Dynamic Fuel Expansion Response

The fuel expansion effect, which is largely due to rows 1-6, will
be considered next before proceeding to the outer rows.

The expression for reactor average fuel temperature on p. 12
can be rewritten as

2R;R,

[ @) e
A6F(s) 4Ry + Ry 14R4+RZl b
AP(s) " "LT4RyR T+ s(R+2R,) C, ¢ s RERE G

Substituting the values derived above and noting that the right-
hand denominator is like that for ABc(s), we obtain, for the average fuel in
the core,

ABF(s)  0.0639 (1+0.014s) K7,
AP(E)FEE 0.026 '(1+0.173s)(1+o.o1ss)

2K
ST EwE

2. Blanket Subassembly; Row 9

a. Dynamic Coolant Response

The response of row 9 may be obtained in the same way as for
a fuel pin. The main differences are in dimensions. The length of the ele-
ments in rows 7-15 requires use of a length of 70 cm to calculate the heat

transfer in place of the core length of 36 cm used above for the fuel sub-
assemblies. The results are

2
0.707 x 1.2
C, = 7TX(+5) x 70 x 19.0 x 0.038 = 30.9 cal/°c,
_ loge (0.866/0.5) : i
R = 2rx0.082 370 = 0-0145°C/cal-sec .

loge (1.0/0.866)

= = o -1
R = Zmx 0082 x 70 © 0:0039°C/calsec”!,

R; = 0.0145/2 + 0.0039 - 0.0112°C/cal-sec-!,
QElement = (36 kW/19)(238.9 cal-sec™!'/kW) = 45; cal-sec™!,

Average Tonees = (LG 145)/(2 x 1.8)' g e



RVR = (TOut/2) * QElement = 75/(2 x 452) = 0.083°C/cal-sec”’,

and
CNa = (19.1/130) x 70 x 0.97 x 0.305 = 3.04 cal/°C.
Again neglecting CNa, we obtain

£Bc(s) (RyRrQq/45)[1 + s(0.0145 x 30.9/2)]
AP(s) 1+ 8(0.0145+0.1962)(30.9) + s°(0.0145 x 0.0981)(30.9)*

_ (RyRQy/45)(1+0.224s)
Thopidl gnbebde. + 1.368° '

where (Q,) is the cal/sec output of a row 9 subassembly for a reactor equi-
librium power of 45 MW. The denominator may be factored to give

ABc(s) _ (RVRQe/45)(1+0.224s)
AP(s) =~ (1+6.2s)(1+0.22s)

L RVRQ,/45
F¥biEn .

This equation will be used later for row 8 structural effects, depending on
heat transfer between rows 8 and 9. It will also be used for the row 9 struc-

tural effect.

3. Blanket Subassembly; Rows 10-15

a. Dynamic Coolant Response

The response of rows 10-15 is like that of row 9, except that
RyR is altered because the flow is reduced from 6 to 2.5 gpm, giving

Ryr = (6/2.5)(0.083) = 0.210°C/cal-sec™!,

and

ABc(s) _ (RyRQI/45)(1 +0.224s)
AP(s) 1+ s(0.0145+0.449) 30.9 + s°(0.0145 x 0.224)(30.9)°

_ (RVRQJ/45)(1+0.224s)
1.5 1k de & 3.110%
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The denominator, when factored, gives

ABc(s)  (RvRQy/45)(1+0.224s)
AP(s) ~ (1+15.5s)(1+0.219s)

_ RVRQJ/45
“ 1+ 15.58

4. Control Rod Section L,

The expression for (8K/K)(s)/AP(s) for Section L, shown on p. 11
may be written directly using the fuel subassembly dynamics already
calculated: 2 L\/ :

(A

Tp = 0.63 x 71 cm/500 cm-sec™! = 0.09 sec

(6K/K)(s) = 2Kf, Ehie
APGE)  1+0.198 1+ 0.09s’

where QYAL) _ [ : ]}: .‘ e f AP(>)

109
2Ky, = (225°F x 5/9)/62.5 MW = 2.0°C/MW, \

8 Ih/in. x 12 rods

Wor OK/E)d = s Th/0.01(6K/K) (S¢¢ Ref. 2)
= 8.8 x 107*(6K/K)/cm = 0.118 $/cm,
i ,09¢ f/“w Sev [0 («niﬂl \(“1,5
C1, = Length x expansion coefficient = La

128 cm x 1.8 x 107° cm/cm®°C = 2.3 x 10-3 cro/3E;

5. Plenum Effect

The plenum holdup time is approximately 2.37 sec, and Tp = 0.63 x
2.37 = 1.49 sec. Then,

A6p(s) Kp

AP(s).~ 1 + 1.49s




6. Control Rod Section L,

The quantity 71, is the time constant associated with the 0.1-cm-
thick hexagonal subassembly containment shell when heated from the out-
side by plenum sodium with the temperature of the inner side assumed
constant. It may be determined by evaluating Cg and Rg using an area of
1 cm?. Thus,

Cg = volume x density x specific heat capacity

1x1x0.1x7.7x0.115 = 0.089 cal/°C,

5 0 thickness /2
8 ~ conductivity x area
- 0‘1/2 - o -l
= m = 1.04 C/cal-sec ’
0
and (j;_, (2
T1, = RgCs = 0.089 x 1.04 = 0.093 sec. ‘c
Then,
(AK/K)(s) _ Kp/ _ Ci.W s S 3
AP(s) T+1.49s 1 +0.093s’ L)
i )
v (#3
where
»
Kp = (183°F x 5/9)/62.5 MW = 1.63°C/MW (see Ref. 2),
and

ClLa = L;a = 46 cm x 1.8 x 10™° cm/em®C

8.3 x 10™* cm/°C.

7. Control Rod Section L,

Trial calculations of the magnitudes of the inner annuli heat con-
ductivities and capacities for Section L; shown in Fig. 4 showed that only
R, and C, need be considered. The outer and inner diameters of the outer-
most stainless steel annulus are 6.35 and 2.54 cm, respectively. Hence,

C, = (m/4)(D}-D3) x L,Ax 7.7 x0.115
Ha?
(m/4)(6.35% - 2.54%) x 50.8 x 7.7 x 0.115 = 179 cal/°C.
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C; may be lumped at the mean diameter Dpp of the annulus; thus,

2 2 ;
Dy = /w = 4.83cm,

loge (D,/Dn)

B T T

loge (6.35/4.83)
2m x 0.048 x 50.8

0

= 0,0178°C [cal~scest

and
s RGN 170 000 1178 =210 sac.
(N
Then,
(6K/K)(s) e G
ARG ST o P
where

Cls = L;a = 50.8 x 1.8 x 1075

OE Il 108 o /o K

8. Control Rod Section L,

Again as in Section 7 of this appendix, only R, and C; need be con-
sidered. The outer and inner diameters of the outermost stainless steel
annulus are 6.35 and 4.45 cm, respectively.

Cz = (n/4)(D}-Df) x Ly x 7.7 x 0.115

= (m/4)(6.35% - 4.452) x 50.8 7.7x0.115
= \25tcal/PE

C; may be lumped at the mean diameter of the annulus, which is

=z 2
D
DM = Dl; Sz cm,




to give

loge (6.35/5.48)
2mx 0.048 x 50.8

Ry =
| 0.0%9C1))

and

T14 = R4C; = 725 x 0.0112 = S-4sec.

69—
Then,
(6K/K)(s) _ 0.9Kp  CrL.W
AP(s) 1+ 1.49s 1 +8.1s’
where

Cra.= 140 = 50.8 x1.8x 102

9.14 x 10~* cm/°C.

= 0.0112°C/cal-sec”

1
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APPENDIX B
BOW III Thermomechanical Structure Analysis

1. Theoretical Bending of Subassemblies due to Combined Nozzle, Button,
and Top Loading
St B G

The structural bending of the subassemblies can be determined by
treating them as lightly loaded flexible structural beams. The method b-y
which a subassembly is supported is
- -~W, shown schematically at the left in
= Fig. B.1. Briefly, the subassembly
nozzle is inserted into two grid plates
containing axially aligned holes, which
support the subassembly in a vertical
position. Coolant hydraulic forces
thrust downward to hold the subas-
i} Ly o— =W sembly against a spherical pivot sup-
BUTTONS/ port in the upper grid plate. Clearance
of the nozzle in the lower plate permits
some off-vertical motion, which is
limited by contact between adjacent
subassemblies at the buttons or at the
J top. The thermal bowing of the sub-
fP'VOT assemblies due to radial temperature
gradients, as explained in Ref, Zy
£y causes mechanical interferences at
LOWER GRID {7 the lower grid plate, the button, and
il v ‘L‘_'WN the top levels. The subassemblies
CLEARANCEJ interact and flex as beams until the
interference is resolved by the deflec-
tion and the balanced forces between
subassemblies. The subassembly is
depicted as a loaded beam at the right in Fig. B.1. The nozzle is either
free or loaded radially inward or outward. The button and the top may be
loaded radially either inward or outward, as shown,

UPPER GRID 3
= UVA

NOZZLE ——

Fig. B.1. Subassembly as a Loaded Beamn

Several different modes of bending can take place because of the
different ways that the subassembly can be loaded. I have worked out solu-



of L's and R's will reverse the direction of bending but not the character-
istic mode shape, which is simply a mirror image along the axis.

TABLE II. BOW III Bending Modes
Force Direction
Mode Nozzle Button Top
II Top R 0 R
3 & R R 0
111 R R R
IIIA R L R
v 0 L R
v L L R

B M/E| DIAGRAM

Fig. B.2. Subassembly M/EI Diagram
and Radial Displacement

Rdabes B
UWE - TE
Y

"Ela A

(AIIA, +A0a,)

(WA LA

ia 1a, wpip2 1)

e

3

The solution for Mode V is
worked out below. The method is gen-
eral and can be applied to any flexible-
beam problems of a similar nature.
Figure B.2 shows the radial displace-
ment profile for a subassembly with
Mode V loading, along with the cor-
responding M/EI diagram. In the dis-
placement diagram, forces directed
upward are taken as positive and dis-
placement downward is also taken as
positive.

' The relation between yB and the
constants of the M/EI diagram can be
obtained by noting from the figure that

yB = A-B = (£c.C/Lp) - B.
The values of B and C may be

obtained by using the Second Area
Moment Proposition.“

S
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Similarly,

ook Le  de
B'EIA<WMC2 3)‘

Combining the above equations, we obtain

1 Loba - AE4A +Wg Lslc
b 7Y <WA 6la Bl

It is necessary to apply the Second Area Moment Proposition-again
to determine the relation between W5 and Wp in the above expression.
Thus, from Fig. B.3 it can be seen that

i = FIA(AJAl + AJAZ)

1 ba 20A Ly (ﬂ ZiB)
EX[WA"AT' =5+ Wals2\lc+

and
)
D=- ol sbA,
1 KN ZlN
St LN AT
Also,
1) = ﬁ—iF, WNIN = WALA + WBLB, and Ic = £p - £p.

’-» £y 4

st ¥

_? ASKJ —mreme———— oy
PIVOT = e !

Fig. B.3

Rotation of Subassembly in
Spherical Pivot Support
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Substituting and solving, we obtain

o fgping Q[ﬂ%-}ﬂBEA+Zlfq
A7 TPTAlT i (1o AIN)
A\ "InZa
and
e |

7N li; - 3Lplp + Z[i\
6ELavb 7 2y | (24a - £B) + Ip
S T

Wg

Similar calculations for Modes III and IIIA result in the same solu-
tions as those for Mode V above.

The solution for Mode IV, written in a slightly different form from
that used in Ref. 11, is

Wp = WB(£a/2B)(-1)
and
|
Wy = 6EIAyb?T;%T[(ZEA-EB)(-l) - ZB] -
B\YA B g

The solution for Mode II in the same form is

-1 %
Wg = -6EIayp l:Zl’(l +%I‘%%)] .

The subassembly radial deflection (yx) at any position (x) measured
upward from the pivot in the axial direction is

yx = —6}:le {WA[(lA -x) £A - (£A- x)’] + WB[(lA - X)% - (¢B- X)’]}-

The above equation can be evaluated for a specific mode by substi-
tuting the relations for Wp and Wa developed earlier for that mode.

2. BOW III Computer Program

The FORTRAN description of the above program is given later in
this appendix. It is similar to the BOW II program developed by Bump,® but
incorporates the exact relations for the various bending modes as derived
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in Part 1 of this appendix and includes an important mode ignored in BQW I,
Also, D. Kucera has added stabilization to produce calculated output posi-
tions accurate to about 1 mil. Improvement to about 0.1 mil is necessary
for BOW III to be useful in computing accurate dynamic movement of the
subassemblies. A new approach conceiving of the subassembly array as a
large group of coupled springs is under development by Kucera. This pro-
gram will be known as BOW IV.

BOW III output includes an input listing as well as the output.fo?
chosen iterations. Each quantity printed is identified by its name within the

code, and Table III relates program names with physical quantities.

TABLE III. BOW III FORTRAN Quantities

A. Input Quantities

MI Number of equally spaced vertical nodes on each subassembly

MJ Number of radial rows of subassembly

LI Node number corresponding to button level

QQ Initial fractional power

QD Fractional-power increment

(oG Final fractional power

CIL Height of each subassembly (in.)

YFLI1 Inmost allowed radial position for top of central subassembly

DELY Maximum position change permitted by one iteration, at top

DL Maximum position change permitted by one iteration, at
button level

B8 Radial distance between vertical-assembly nozzle and grid-
plate obstructions, inward or outward (in.)

B9 Length of nozzle (in.)

ALPHA Coefficient of thermal expansion of buttons (in./in. °F)

D Distance across flats of a subassembly (in.)

YR Distance from outmost row centerline L to ring, at top
level (in.)

D1 D1(1)

Bl Initial lean slope for all rows

B2 Free-swing distance at top level due to B8 clearance at
nozzle

B3 B4(1) + 1

B4 B4(1)

DELT(I,J) Full-power temperature differential across row J at node I
level (°F at 45 MW)

YP(J) Centerline radial position of row J

B4(J IAUN/INLA for row J

B5(J 3EIA F(J)/£% for row J

=
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TABLE III (Contd.)

B6(J)
D1(J)

DD1(J)

F(J)
T(J)

F1(J)

1)

wil.7)
MODE(J)

ZF(J)
YFR(J)
YFL(J)
ZL(J)
YFLR(J)
YFLL(J)
PL(J)
PR(J)
WL(J)
WR(J)
DD(J)

: 3EIAF(J)

Input as 3EIAF(J), printed as W for row J

Material thickness between centerlines of rows J and J + 1,
at top level

Initial material thickness between centerlines of rows J and
J + 1, at button level

The number of subassemblies in row J

Full-power temperature difference between pivot and top
level, for row J (°F at 45 MW)

Single-button squashing factor for row J (in./lb)

B. Output Quantities

Thermal deflection at node I of row J, for the power level
whose iteration values follow

Iteration number

Fractional power

Radial position of node I of row J

Most severe beam-bending formula-type required to fit row J
into its constraint positions

Effective maximum motion at top-level for row J

Top-level constraint location on outside of row J

Top-level constraint location on inside of row J

Effective maximum motion at button level for row J

Button-level constraint location on outside of row J

Button-level constraint location on inside of row J

Load exerted on top level of row J from inside

Load exerted on top level of row J from outside

Load exerted on button level of row J from inside

Load exerted on button level of row J from outside

Button-level material thickness between row J and row J + 1
centerlines at fractional power Q

Some of the input quantities in this table are illustrated in Fig. B.4
with the radial scale greatly enlarged for clarity. Thus, Lp is typically
65 in., and B8 is 4 x 10”* in. The method of summing DD1(J) and D1(J)
between rows J and J + 1 is shown.

All doubly dimensioned arrays are printed so that row number in-
creases with downward motion through each column and node number in-
creases with rightward motion across each column. Thus, values for the
top nodes of each row appear in the outermost column.
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3. Calculation of Input Quantities

a. Button Stiffness

The button stiffness can be obtained by assuming a concentrated
load on a long, flat, rectangular plate with fixed edges.

Then,
Ap = 0.00725 Pa’/D (see Ref. 12),
where
Ay, = deflection at load (in.),
P = load (1b),
a = width of flat = 1.30 in.,
D = flexural rigidity = 130 lb-in. (see Ref. 12},

and

=
"

24.25 x 10® 1b/in.? for 304 SS.
Therefore,
Ap/P = 0.00725 x 1.32/130 = 1 x 10-* mil/1b.

Because of the hexagonal configuration of buttons, the effective

stiffness per button per subassembly is 1.5 times as much as the actual
stiffness.



Thus,
(Dp/P)egg = 1 x107*/1.5 = 0.7 x 107° mil/lb,
and
F(7) = 2(8p/P)ggg = 1.4 x 10™* mil/lb.
The above value was used for rows 1-6. Rows 7-15 were assigned a value
one-tenth that of F,(J), or 1.4 x 10”° mil/lb, because the hexagonal can is
supported immediately under the button by the rigid elements contained in

the can, and therefore its flexure is greatly reduced.

b. Moment-of-inertia Calculations for Nozzles and Upper Parts
of Subassemblies

The nozzles for rows 1-6 are all similar. Their moment of

inertia is!?

IN,(1-6) = 0.049(D*-d*) = 0.049(1.683*-1.433%) = 0.187 .Y

The nozzles for rows 7-15 are similar, and their moment of
inertia is

IN,(7-15) = 0.049(1.468"* - 1.068%) = 0.164 in.*.

The hexagonal cans for rows 1-6 and 9-15 will determine the
moment of inertia of the portion of the subassembly between the pivot and
the top. The hexagon can be calculated, sinte it has a thin wall, by assign-
ing it an average outside diameter of 2.450 in. The wall thickness of
0.040 in. leads to an inside diameter of 2.370 in.

Then
IA,(1-6,9-15) = 0.049(2.450% - 2.370%) = 0.218 in.*.
For the stainless steel reflector rows 7 and 8 used in Run 26,

the stiffness of the upper part of the subassembly above the pivot is in-
creased by the 19 full-length 0.493-in.-diam rods contained in each sub-

assembly. (Such is not the case in rows 9-15, where the elements are made

up of stacked short lengths, which are free to flex.)
Then,
IA,(1-8) = 0.049(2.450* - 2.370*) + 19[0.049(0.493%)]

0.275 in.*  (elements free to slip);

39
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2
IA,(7-8) = 0.22 + 5 % 0.049(0.493)* + (8 x T x 0.493%/4)(0.493 x 0.866)
+ (6 x T x 0.4932/4)(0.493 x 0.866 x 2)°

=i (elements unable to slip).

Since some slippage may occur, the following average value

was assumed:
IA,(7-8) = 0.77  (partial slippage).

Such partial slippage could account for the apparent hysteresis
in the EBR-II feedback reactivity, which assumes two values depending upon

the direction of power change.

The remaining inputs are combinations of moments of inertia,
lengths, numbers of subassemblies per row, and mechanical properties of
the materials, all of which are specified in the sample run. The differential
temperature profiles for run No. 26B calculated by R. Cushman are used for
the input (DELT).

4. BOW III Sample Run

The printed output included on pages 41-59 is that for the computer run
that produced the curve plotted in Fig. 7. The data for the curve appear in
the last column of Table IV, which is the sum of the reactivity changes in
inhours due to rows 6-9. The row displacement from its Zero-power posi-
tion at the button level is represented by dg, d;, etc., in mils. It is obtained
from the printed output by subtracting Y (in column 5) for a subassembly
row from that row's YP. The reactivity due to the row displacement is ob-
tained by multiplying d by the row reactivity constant (p), which has the
units of inhours/mil. The calculated values for Pe» P7, P, and py are -1.806,
-0.989, -0.500, and -0.289, respectively, for the EBR-II run No. 26B con-
figuration. As power is increased from zero to 45 MW, rows 6 and 7 move
steadily toward the core center and rows 8 and 9 move away from the center.
The combined effect is to increase reactivity as power is increased, yielding
positive feedback.

TABLE IV. Reactivity Evaluation of Sample Output

Q Row 6 Row 7 Row 8 Row 9 T

3 otal,

P/5 MW dg pede a7 prd7 dg padg dg podg Ih

0.1 009 -016 046 045 06 -3.0 045  -013  -0.14
02 552 99T 168 160 142 371 508 -147 1225
03 W5 2077 135 1338 130 565 904  -261 258
04 144 554 DB6l B4 1788 -89 1566  -453 2555
05 1725 3L 1925 1904 2095 -1048 1885  -545 3426
0.6 e BxM. AR A48 BB -y BN -em #7N
07 242 04 A5 426 6 -UB 6B -1 @0
0.8 A8 4367 2630 2600 ML -141 29 953 o
09 %3 4953 8% 825 N0 -1851 %25 -1019 4708

10 2835 5120 3075 3041 38:45 -19.23 3676 -1062 5176
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FORTRAN 5.301 03/06/69

5041

5040

1000
2000

5000

5010

5042

PRCGRAM BOW II1I
DIMENSION CELT(ZOvZO"VP(ZO)QSX(ZO)101(23)183(20)184l20)785(2°,'
86(20l.Y(ZO.ZO),YI(ZG.ZO).YI(ZO.ZO).YFR(ZO).YFLIZO).PL(ZO)-
PR‘ZO)vXDELT(ZOvZO"YY(ZO)'AY|2°|ZO’1001(20’.““(20)0HL(20)'
FlZD).DD(ZO).T(ZO).Fl(ZO).Ab(ZC).A7(20).YFLL(ZO).YFLR(ZO).
YZ(ZO)QHA(3C);YPT(Z°120)1535(20"XX‘20)'APL(ZO)QAPR(ZO)v
AHL(ZC)yANR(ZO)'pLB(ZO)'PRB(ZO"“LBlZO"“RB(ZO'v33L(20)'BQL(ZO)D
87(20)'B3b‘2C)o335L(20)'GL(ZO)'FL(ZO)QPRV(ZO)'PLP(ZO)'ZF(ZO)U
ZL(ZO)vMCDE(ZO)'337(20)1838(20)'839(20)'8‘0(20)
TYPE COUBLE 83.84.BS.eb.v.VFR.YFL.PL'PR.VY.AY.HR.HL.DD.Aé.A7.
YFLL.VFLRvYZvB35'XX'APL.APRyAHL'AHR'PLBQPRB!HLB-HRB,B3L,84Lnﬂ7'
BS&.BBSL.GL.HL.PRP.PLP.ZF.ZL.337.838.839.840.BSL.CL.P.Cl.CZ.C3.
Ch'PD'DS'DP.DNCI'PP.C3H1HB.HA|C2H,YH,C5H
REAC1000,MI,MJ,L1,QQ,00,QT,TL,YFL1,DELY
REAC 5041,MT,0L,B8,89,811
FORMAT(116,7E10.4)
REAC 5040, (MA(N),N=1,MT)
FORMAT(2D014)
READ 200C,ALPHA
REAC20CO, ((DELT (I14J)y1=1yMI)J=1,MJ)
READ 2000C,C
REAC2000, (YP(J),J=1,MJ)
READ 2000,YR
REAC2000,(D1(J),J=1,MJ)
REAC2000, (B1(J)yJ=1+MJ)
READ 2000,8B2
REAC2000, (B4 (J),J=1,MJ)
REAC2000, (B5(J)yJ=1,MJ)
REAC2000, (BE(J)yJ=1sMJ)
REAC2000, (DC1(J)yJ=1sMJ)
REAC2000, (F(J)yJ=1,MJ)
REAC20C0, (T(J)yJd=1,MJ)
REAC2000, (F1(J)yJ=1,MJ)
FORMAT (316 ,6EL0.4)
FORMAT(BELO.4)
PRINT5C00 .
FORNAT(bX'ZHPl.6X.ZHMJ.6X.2HL1.6Xo2H00-10X.2HOD'10X.2HOT.lox.ZHTL.
18 Xs4HYFL1,8 Xy 4HDELY,10X,2HDL)
PRINT SOLO'HI'MJ'LI'QQDQDvQT'IL'VFLI'DELYODL
FORNMAT(318,8E12.4)
PRINT 5042,B8,B9
FORMAT(6H BB,B9,6Xy9EL12.4)
MK=NJ=-1
XMI=MI
DELX=TL/XMI
XLIi=LI
A4=XLI#DELX
A42=A4we2
A2=TL-A4
AS=A2ww2
E2=TL/(A42#A5)
A1C=3.#XMI-XLI
Al5=XMI-XLI
All=3.*(XMI==2)=Al5
Alz=(DELX/XPl)..3’12-
AlT=2.%(XMI=23)

~owmPwN -

w N -
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FORTRAN 5,301 03/06/69

239
240

Ti
5001

5C11
5002
5003
5039
5C04
5025
5G35
5027
5028
5029

5C30

A18=A12#(XLI#%2)
A20=2.#XMI=-XLI
00240 I=1,MI
XI=1
XX(I)=(1o5#(XMI/XI)=o5)#((XI/XMI)##2)
Al=XI#DELX
A3=TL-Al
A32=A3%#2
AB=2.#TL
A6(1)= Al#(AB%A3-A5-A32)/(2.%A42#A2)
GLII)=((XI/XLI)##2)#(1a5#(XLI/XI)=4s5)
HLOI)=(XI=-XLI)/XLI
B38(I)=XI#(XMI=-XI)#(2.,%XMI=-XI)
IF(I.GT.LI) GO TO 239
B3G([)=XT#(X[##2-3,#XLI#XI+XLI##2#(3,-XLI/XMI))

GO TO 240

B3S(I)=XLI##3%(XMI-XI)/XMI

AT(I)= A3#(AB#A2-A5-A32)/(2.%A4%A5)
D071 J=1,MJ

B3(J)=B4(J)+1.

B35(J)=B5(J)/B3(J)

B4L(J)=B4(J)«xXMI/XLI

B3L(J)=B4L(J)+1.

B5L=B5(J)#( (XMI/XLI)#=3)

B35L(J)=BSL/B3L(J)

B6(J)=B6(J)*E2
B37(J)=A20#A15%,5/(B3(J)#XMI#e2) -1,
B3€(J)=2.#B6(J)#A15/(A20#B37(J)+XLI)
B37(J)=B37(J)#XLI/XMI
B4C(J)=XLI®#A15#(B37(J)*#A20+XLI#*#2/XMI)
PRINT5001

FURFAT(5X,5HALPHA:7X'1HD'11X72HYRy10X.2H01'IOX.ZHBIvIOX'ZHBZ'IOX|

12HB3,10X, 2HB4)

PRINT5011,ALPHA »D s YR »D01(1),B81(1),82 1B83(1),B4(1)

FORMAT(10E12.4)

PRINT 5002, ((DELT(I,4J)yI=1,MI),J=1,MJ)
FORMAT (5H DELT,5Xy10E1l1l.4)

PRINT 5003, (YP(J)yJd=1,MJ)

FORMAT(3H YP,7Xy10Ell.4)

PRINT 5039, (B4(J),J=1,MJ)

FORMAT (3H B4,7X,10Ell.4)

PRINT 5904, (B5(J)yJ=1,MJ)

FORMAT(3H B5,7X,10E11.4)

PRINT 5025, (B6(J)yJd=1,MJ)

FORMAT (3H B6,7Xy10ELl1l.4)
PRINT5C35,(C1(J)yJd=1,MJ)

FORMAT(3H D1,7X,10E1lle4)

PRINT 50275 {PD1(J) yd=14sMJ)

FORMAT (4H DC1,6X,10E11.4)

PRINT 5028, (F(J),J=1,MJ)

FORNMAT(2H F,8Xy10E1lLle4)

PRINT 5029, (T(J)yJd=1,MJ)

FORMAT(2H T,8X,10E11l.4)

PRINT 5030, (F1l(J),J=1,MJ)

FORMAT(3H F1,7X,10E11l.4)

008C J=1,MJ



FORTRAN 5.3C1

8cC

50

15

635
5043

18

551

552

o000

103

03/06/69

008C I=1,MI
XI=1
YI(1,J)=YP(J)+BL(J)*DELX#XI
Cc=QC
GOTC 60
ASSIGN 304 TC MM
GOTC 3C5
C=Q+QD
IF(C-QT)60,6C,y61
sTQP
CO50 J=1,MJ
ZF(J)=DELY
ZLtJ)=0L
DC(J)=DD1(J)#(1.+ALPHA=T(J)=Q)
CO5C I=1,VMI
XDELT(1,J)=CeCELT(I,J)
M=M=M
K=1
DO 15 J=1,MJ
SUM=0.
SUM2=0.
DO 15 I=1,MI
TERM=ALPHA®XDELT(1,J)*DELX/D
SUM=SUM+TERM
TERM2=(SUM=TERM/2.)*DELX
SUM2=SUM2+TERM2
YT(I,J)=SUM2
D0635 J=1,MJ
00635 I=1.MI
YPT(I,J)=YI(1,J)+YT(I,J)
PRINT 5043, ({YT(I4J),1=1sMI),J=1,MJ)
FORMAT (3H YT,7X,10E11l.4)
0019 J=1,MK
YFR(J)=YP(J+1)=D1(J)
YFR(MJ)=YP(MJ)+YR +Qe#B11
D018 J=2,MJ
YFL(J)=YP (J-1)+D1(J-1)
YFL(1)=YFL1
D0551 J=1,yMK
YFLR(J)=YP(J+1)-DD1(J)
YFLR(MJ)=YP(MJ)+1.
00552 J=2.MJ
YELL(J)=YP(J=1)+DD1(J-1)
YFLL(1)=0.
M=M+l
IF(M=MA(MT))103,103,304

FIT TOP-LEVEL CONSTRAINTS

DO 607 J=1,MJ

MSC=0

PR(J)=PL(J)=0.
IF(YFR({J).LT.YFL(J)) GO TO 612
IF(YPT(MI,J)«GE.YFL(J)) GO TO 6C9
CL=YFL(J)=YPT(MI,J)

GO TO 613

43
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FORTRAN 5,301
609
610
611
612

613

RCT

614

[aNeNel

616

618

(gl a)

607
241
C

C
C

901

IF(YPT(MI,J).GToYFR(J)) GO TO 611
DO 610 I=1,MI

AY(I1,J)=YPT(I,J)

GO TO 618

CL=YFR(J)=YPT(MI,J)

GO TO 613
CL=u5#(YFL(J)+YFR(J))=YPTI(MI,J)
MSC=1

SGN=1.

IF(CLeLT«0.) SGN==1,
B2S=B2-SGN#TL#B1(J)

MODE 1)

Cl=CL $ ASSIGN 618 TO M1
IF(ABSF(CL).LE.B2S) GO TO 614
C1=SGN#B2S $ ASSIGN 616 TO Ml
DO 615 I=1,MI

X1=1

AY (I4J)=YPT(I,J)+CLl#XI/XMI
C2=CL-Cl

GO TO M1

MCDE 2

DO 617 I=1,MI

XI=1

AY (LyJ)=AY(1,J)+4C2#(B4(J)+XX(I))#XI/(XMI#B3(J))
P==C2%B35(J)

IF(SGN.LT.Cs) PR(J)=P

IF(SGN.GT«04) PL(J)=P

PLP(J)=PL(J)

PRP(J)=PR(J)

SCUASHING

IF(MSQ.EQ.C) GO TO 607
PD=(YFL(J)=YFR(J))*F(J)/FL(J)
PL(J)=PL(J)=-PD

PR(J)=PR(J)+PD

CCANTINUE

00241 J=1,MJ
WL(J)=C,
WR(J)=0,

SUPERIMPCSE BUTTON-LEVEL CONSTRAINTS

D0 900 J=1,My

MCCE(J)=0 $ MSQ=C
IF(YFLR(J)oLT.YFLL(J)) GO TO 902
IF(AY(LI,J)eGE.YFLL(J)) GO TO 901
CL=YFLL(J)=AY(LI,J)

GO TO 903

IF(AY(LI,J)eLELYFLR(J)) GO TO 9Co
CL=YFLR(J)=AY(LI,J)

GO TO 903

03/06/69
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o000

o000

902

903

904

905

906

907

908

909

910

9il

914

03/06/769

CL=e5%(YFLLIJ)+YFLR(J))=AY(LI,J)
MSC=1
YFF=YFR(J) $ SGN=1.
IF(CL.GT.0.) GO TO 904

YFF=YFL(J) $ SGN=-1.

CHOOSE INITIAL MODE
IFIYFR(J)oLTLYFL(J)) YFF=AY(MI,J)
IF(PLP(J).NE.PRP(J)) GO TO 908

MODE 1

MOCE(J)=1
DS=A6/890(SGNOBBOB9O(4.0AY(1.Jl-AY(2.J)-3.0VP(J))/(Z.DDELX))
DM=A4/TL#(YFF=AY(MI,J))
IF(ABSF(DM).LT.ABSF(DS)) GO TO S05
Y. 70 2
C1=0DS
ASSIGN 916 TO M1
GO TO 906
170 &
Cl=CM
DNCZ=-B9#(CS-DM) /A4
ASSIGN 922 TC M1
IF(ABSF(CLl).LT.ABSFI(CL)) GO TO Sl2
Cl=CL $ ASSIGN 931 TO Ml
DO 907 I=1,MI
XI=1
AY(1,J)=AY(1,J)+CLexXI/XLI
CL=CL-C1
GO TO M1

VODES 3 AND 3A

IF(PLP(J).EC.0.) GO TO 909
PP=PLP(J)
IF(CL) 911,500,910 .
PP=PRP(J)
IF(CL) 910,500,911
MODE 3
MOCE(J)=3
C3V==PP/(B26(J)*B37(J))
IF (ABSF(C3M)<GE.ABSF(CL)) GO TO 914
C3=C3M
ASSIGN 916 TO M3
GO TO 915
NCDE 3A
MCCE(J)=30
CBN=-PP/(BS¢(J)0(837(J)0XL1/XHI))
IF(ABSF(C3M).GE.ABSF(CL)) GO TO 914
C3=C3¥
ASSIGN 922 TC M3
DNCZ=-SGN#2.#B8
GC TO 915
MVCDES 3,3A
c3=CL
ASSIGN 931 TC M3

45
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815 DO 932 I=1,M1
932 AY(I,J)=AY(I,J)+C3#(B37(J)#B38(1)+B39(1))/B40(J)
WB=C3#B36(J)
WA=WB*B37(J)
IF(CLoLT404) WR(J)=WB
IF(CLeGT4CWs) WL(J)=WB
IF(PPeLTe0e) PLIJ)=PLIJ)+WA
IF(PPeGT40s) PR(J)=PR(J)+WA
CL=CL-L3
GC TO M3

MODE 2

o000

916 MOCE(J)=2
C2M=(YFF=AY(MI,J))/(1.+HL(MI)#(1.54B4L(J))/B3L(J))
IF(ABSF(C2M)+GE.ABSF(CL)) GO TO 917
C2=C2M
ASSIGN 929 TO M2
GO TO 918

917 C2=CL
ASSIGN 931 TO M2

918 DO 919 I=1,VMI
XI=1
IF(l.GT.LI) GO TO 920
YW=C2#(B4L(J)+GL(I))#XI/(XLI#B3L(J))
GO 71O 919

920 YW=C2#(le+(1.5+B4L(J))*HL(I)/B3L(J))

919 AYI(I,J)=AY(I,J)+YW
WB==B35L(J)=C2
IF(CL.LT40.) WRIJ)=WR(J)+WB
IF(CLeGTa04) WLIJ)=WL(J)+WB
CL=CL-C2
GU TO M2

MODE 4

ooo

922 MOCE(J)=4
C4VM=-DNOZ#2.=XLI1#A2/(B9*A20)
IF(ABSF(C4M).GEL.ABSF(CL)) GO TO 923
C4=CaM
ASSIGN 929 TO M4
GO TO 924

923 C4=CL
ASSIGN 931 TO M4

924 DO 926 I=1,VI
IF(I.GT.LI) GO TO 925
YW=C4=A6(1)

GO TO 926

925 YW=C4=AT(I)

926 AY(I,J)=AY(I,J)+YW
WB==C4#B6(J)

WA==WB#XLI/XMI
IF(CL.LT.0.) GO TO 927
WLIJ)=WL(J)+WB
PRIJ)=PR(J)+WA

GO TO 928
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929

933

930
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931

900

572
329
305
5023
5C05
5006
5024
5008
5009
5026
5036
5037
306
5021
5022

5032
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WRIJ)=WRI(J)+WB
PLIJ)=PL(J)+WA
CL=CL-C4

MCDE 5

MCCE(J)=5

wB=CL#*B36(J)
WA=wB#B37(J)

DO 933 I=1,VMI
AV(I'J)=AY(I'JDOCL0(837|J)'838(1)0839(l))1840(J)
IF(CL.LT.Cs) GC TO 935
WLIJ)=WL(J)+WB
PRIJ)=PR(J)+WA

GO TO 931
WR(J)=WRI(J)+wWB
PLIJ)=PL(J)+WA

BUTTON-LEVEL SQUASHING

IF(MSC.EQ.C) GC TO 90C
MOCE(J)==MCCE(J)
CM=YFLR(J)=YFLL(J)
HL(J)=HL(J,0CM'(F(J)'3.)/FI(J)
HR(J)=HR(J)‘CH’(F(J)‘3.)/FI(J)
CONTINUE
00572 N=1,MT
IF(M=MA(N))572,320,572
CONTINUE
GOTC 3C3
ASSIGN 323 TC MM
PRINT 5723,V,Q
FORMAT (4H MsQyl16,1EL12.4)
PRINT 5005.((AV([vJ)vl‘l'H[)'J'lv"J,
FORMAT(2H Y8X,10F11.5)
PRINT 5006, (MODE(I),1=1,M3) °
FORMAT(5H MCCE2014)
PRINT 5024, (ZF(J)yJ=1,MJ)
FORMAT(#® ZF#7X,10E1l.4)
PRINT 5008, (YFR(J)4J=1,MJ)
FORMAT (4H YFR,6X,10F11.5)
PRINT 5009, (YFL(J)sJ=1,MJ)
FORNMAT (4H YFLy6Xy10F11.5)
PRINT 50264 (ZL(J) yJ=1,MJ)
FORMAT (= ZL*7X41CELLe4)
PthT5C36o(YFLR(J)'J=1'HJ)
FORNMAT(SH YFLR,5X,10F11.5)
PRINT 5037'(YFLL(J)'J=10"J’
FORMAT (5H YFLLy5Xy1C0F11.5)
PRINT 5021v(PL(J)oJ=1'NJ'
FORNMAT (3H PLy7X,10ELle4)
PRINT 5022, (PRIJ)4J=1,MJ)
FORNMAT (3H PR,7X,10E11l.4)
PRINT 5032, (WL{J),J=1sMJ)
FORVAT(3H'HL97X11°E11-‘,
PRINT 5031, (WR(J)yJ=1,MJ)
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5031 FORMAT(3H WR,7X,1CE1l.4)
PRINT 5033, (CD(J)yJ=1,4MJ)
5033 FORMAT(3H DC,y7X,10Ell.4)
GOTC MM
303 DC 197 J=1,MJ
IF(ABSF(AY(LI J)=Y(LI,J))eGTelaE=5) GO TO 119
107 CONTINUE
G0 10 1
UTONSEE KA GITe 1) - GO *10=1.3:1
DO 132 J=1,MJ
PLB(J)=PL(J)
PRB(J)=PR(J)
132 YY(J)=AY(MI,J)
GORTANY 33
131 DO 132 J=1,MJ
PLE(J)=(PL(J)+APL(J))/2.
PREB(J)=(PR(J)+APR(J))/2.
102 YY(J)=(Y(MI,J)+AY(MI,J))/2.
133 0O 701 J=2,MJ
PMAX=(=PLB(J)+PRB(J))/2.
IF(PMAX.EQeCs) PMAX=.1
P=PRB(J)+PLEB(J+1)
IF(J.EQ.MJ) P=0C,
DEL=(PLB(J)+PRB(J=-1)+P)/PMAX
IF(DEL.EG.C.) GO TO 701
FAC=1.
IF(CEL/ZF(J).LT.0.) FAC=-,8
ZF(J)=FAC=*ZF(J)
DELF=ZF(J)
DELA=ABSF(CEL)
IF(DELA.LT.1.) DELF=DELA®DELF
YY(J)=YY(J)+CELF
7C1 CCNTINUE
750 IF(YY(MJ)eGToYFR(MJ)) YY(MJ)=YFR(MJ)
COL1CO J=1,MK
1Co YFR(J)=YY(J+1)-C1l(J)
DOiCl J=2,MJ
1C1 YFL(J)=YY(J-1)+C1l(J-1)
IF(K.GT.1) GC TO 559
COSEC J=1,MJ
WLB(J)=WL(J)
WRB(J)=WR(J)
563 YZ(J)=AY(LI,J)
GO TO 561
559 DO 562 J=1,MJ
WLE(J)=(WL(J)+AWL(J)) /2.
WRB(J)=(WR(J)+AWR(J)) /2.
562 YZUJIS(YILI»J VAL Ty Jd) ) 125
561 CO €Cl J=2,MJ
WMAX=(=WLB(J)+WRB(J))/2,
IF(WMAX.EQels) WMAX=,1
W=WRB(J)I+WLB(J+1)
IF(J.EQ.MJ) W=C,
DEL=(WLB(J)+WRB(J=1)4+W)/WMAX
IF(DEL.EC.C.) GO TC €01
FAC=1,
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IF(CEL/ZLIJ)«LTL0.) FAC=-.8
ZL(J)=FAC#ZL(J)
DELF=ZL(J)
DELA=ABSF(CEL)
IFICELALLT.1.) DELF=DELA#DELF
YZ(J)=YZ(J)+CELF
CONTINUE
IF(YZ(MJ)«GTL.YFLRIMI)) YZ(MJ)=YFLR(MJ)
Dc(l)=001(1)'(1.’ALPHA'Q.T(1))OhLB(Z,.Fl(lllbn
C0547 J=1,MK
YFLR(J)=YZ(J+1)=-00(J)
D0548 J=2,MJ
YELL(J)=YZ(J=1)+0C(J=1)
K=2
IF(YFR(Z)«LTWYFL(L)) YFR(1)=YFLI(1)
IF(YFLR(1)4LT.YFLL(L)) YFLR{1)=YFLL(1)
IF(YFLIMJ) «GTLYFRIMI)) YFL(MJ)=YFR(MJ)
IFIYFLL(MJ)oGTLYFLR(MJ)) YFLLIMJ)=YFLR(MJ)
COL10 J=1,MJ
APL(J)=PL(J)
APR(J)=PRIJ)
AWL (J)=WL(J)
AWR (J)=WR(J)
CO11C I=1,MI
Y(I,J)=AY(1,J)
GOTC 125
END
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MI MJ LI QQ (4] L YEQL DELY oL
10 15 5 1.0C00-001 1.0000-001 1.1000+000 6.50004001 -(.00004000 3.0000-003 2.0000-003
88,89 4.0C00-003 2.0000+001
ALPHA [ YR D1 Bl B2 B3 B4
1.0000-035 2.4€C0+000 $.5000-002 2.1910+0C0 -0.0000+000 1.3000-002 1.2400+G00 2.4000-001

DELT =0.0C00+00C-C.0G00+000-3.0000+00C~-0.0000+000-0.0000+000-0.0000+000-0.0000+000-0.0000+000-0.0000+000-0.0000+000
CELT -2.0000+000-0.2000+000-0.0000+000-0.C000+000 9.0000+000 2.30004001 1.7000+001-0.0000+4000-0.0000+000~0.0000+000
CELT =0.0000+000-0.00C0+000~-0.0000+000-0.C000+000 1.0000+001 2.5000+001 1.9000+0G1-0.0000+000-0.0000+000-0.0000+300
CELT -0.0C0C420C~0,0CCO+CCP-C.CCO0+000-0.C000+4000 1.2000+4001 2.90C0+001 2.2000+0C1-0.0000+000-0.0000+000~0.0000+300
DELT ~0.0000+C0C~0.0CCI+CO0-0.C0004000-C.0000+4000 1.2000+001 2.9000+0C1 2.2000+001-N.0000+000-0.0000+000-0.0000+000
CELT -0.0000+000-0.0CC9+000-0.00004000-0.€000+000 1.0000+001 2.4000+001 1.8000+001-0.0000+000-0.0000+000-0.0000+000
CELT =0.£320+006-0,0CCO+CC0-0.0000+0CGC 4.€000+000 2.0000+4001 4.8000+001 7.4000+001 9.0000+001 9.2000+001 9.5000+001
CELT -0.0C0040CC-C.0CC0+000-0.0C00+000-0.C000+00C-1.50004001-3.5000+001-5.3000+001-6.6000+001-6.6000+001-6.6000+001
CELT =0.C00C+00C~-0.00C0+C00 3.0000+000 9.C000+000 1.0000+001 7.0000+000-3.00004+000-1.4000+001-1.8000+001-1.8000+001
DELT -0.0000+4000-0.00G2+000 4.0000+00C 9.€000+000 3.0000+001 5.8000+001 7.2000+001 7.4000+001 7.6000+001 7.8000+001
CELT -0.0000+000-0.0CC0+C0O0 3.0000+00C 5.€000+000 2.0000+001 4.4000+4001 5.2000+4001 4.5000+001 3.8000+001 3.2000+4001
CELT -0.0000+C0C-0.0CC0+C00-0.0C00+000-0.CJ00+000 8.0000+000 2.00004001 2.5000+0C1 2.3000+001 2.0000+001 1.8000+001
CELT =0.0000+00C-0.NCCNO+000-0.0000+000-0.C€000+000-0.0000+000-0,7000+C00-0.0000+000-0.000G+000-0,0000+000-0,0000+000
DELT =0+00004000-0.0CCI+C00~-L.0000+000-0.C000+000-0.0000+000-0.0000+000~0.0000+000-0,0000+000~0.0000+000-0.0000+000
CELT =0.0000+0G0-0,0CCI+000-0.0000+000~0.C000+000-0.0000+000-0.0000+000~-0.0000+000-0,0000+000-0.0000+000-0.0000+000
YR =0.0C004C00 2.22C0+C00 4.2600+000 642600+000 B8.4600+000 1.0570+001 1.26804001 1.4780+001 1.6890+001 1.8990+001
rp 2.1100+4C01 2.3220+001 2.5340+4001 2.7450+001 2.95504001

B4 2.4000-001 2.4CC0-001 2.4000-001 2.4000-001 2.4000-001 2.4000-001 1.4000+000 1.4000+4000 4.2000-001 4.2000-001
B4 442000-001 4.2C00-001 4.2000-001 4.2000-001 4.2000-001

B5 6.05004001 3.62C0+C02 7.2600+002 1.€900+003 1.4520+003 1.8170+003 7.2970+003 8.5130+003 2.9030+4003 3.2650+003
85 3.6300+4003 3.9550+4003 4.3600+003 4.71004003 5.4500+003

Bé6 9+7C054002 5.82€14003 1.1652+4004 1.7478+004 2.3305+004 2.9131+4004 1.1711+005 1.3662+4005 4.6609+004 5.2435+004
B6 5.8261+C04 6.4087+4004 6.9514+004 7.5740+4004 8.7392+004

D1 2.1910400C 2.01404000 2.0730+000 2.C730+00C 2.0830+000 2.0830+000 2.0730+000 2.0830+000 2.0730+000 2.0830+000
Cl 2.0930+000 2.053C+C00 2.0830+00C 2.C730+000-0.0000+000

co1 2.2175+000 2.0375+000 2.0575+000 2.0975+000 2.1075+000 2.1075+000 2.0975+000 2.1075+000 2.0975+000 2.1075+000
Cco1 2411754000 2.1175+000 2.1075+000 2.C975+000-0.0000+000

* 1.0€20+400C 6.0CC0+000 1.20004001 1.80004001 2.40004001 3.0000+001 3.6000+001 4.2000+001 4.8000+001 5.4000+001
F 6.0C00+001 6.60CC+001 7.2C00+001 7.80004001 9.0000+001

T 7.9C00+C01 7.90C0+4001 8.1000+0C1 9.5000+001 9.40004001 7.9000+001 6.2000+001 3.7000+001 6.7000+001 5.0000+301
T =0.0000+000-0.0CC0N+000-0+0000+00C-0.C000+000~-0.0000+300

Fl 1.4490-004 1.44C0-004 1.4400-004 1.4400-004 1.4400-004 1.4400-004 1.4400-005 1.4400-005 1.4400-005 1.4400-005
Fl 1.4400-005 1.44C0-005 1.4400-005 1.4400-005 1.4400-005

Y7 0.0000400C 0.0CC0+N00 (.0000+000 0.C000+000 0.00004000 0.00004000 0.0000+000 0.,0000+000 0.0000+000 0.0000+000
YT 0.0000400C 0.000C+000 (.0000+900 0.C0004000 7.7287-005 4.2937-004 1.1249-003 1.9665-003 2.8081-003 3.6496-703
e 0.CC00+00C 0.0CCC+00C 0.C0O00+000 G.CO00+000 8.5874-005 4.7231-004 1.2366-003 2.1640-003 3.0915-003 4.0189-003
¥y 0.0C004000 0.0CC0+000 C.0000+000 0.C000+000 1.0305-004 5.5818-004 1.4513-003 2.5333-003 3.6153-003 4.6973-003
YT 0.0000400C 0.00CC+C0C 0,00C0+000 0.0000+000 1.0305-004 5.5818-004 1.4513-003 2.5333-003 3,6153-003 4,6973-003
i § 0.00004000 0,00C0+007 0.0000+400C 0.C000+000 B.5874-005 4.6372-004 1.2022-003 2.0953-003 2.9884-003 3,8815-003
YT 0.0000+00C 0.00C0+00C 0.0000+4000 3.4350-005 2.7480-004 1.0992-003 2.9712-003 6.2516-003 1.1095-002 1.7544-002
Xt 0.0G00+000 0.0CC0O+000 C.0C00+000 O.CUOO*OOO-[.2881-006—6-8699-006-2.0009‘003-6.3366-003-7.8059-003-1.2‘09-002
v 0.0C00+000 N.0CCO+N00 2.5762-005 1.5457-004 4.4654-004 B8.8450-004 1.3568-003 1.6831-003 1.7347-003 1.4770-003
YT 0.00004000 0.0CCO+000 3.4350-005 1.£034-004 6.6123-004 1.8978-003 4.2508-003 7.8575-003 1.2752-002 1.8970-002
Y 0.0C00+4000 0.0CC0+00C 2.5762-005 1.2022-004 4.2937-004 1.2881-003 2.9712-003 5.4873-003 8.7162-003 1.2546-002
: L 0.0000+4000 0.00C0+000 0.0000+000 0.C000+000 6.8699-005 3.7785-004 1.0734-003 2.1812-003 3.6582-003 5.4616-003
YT 0.0C00+00C 0.0CC0+000 €.0000400C 0.0000+4000 0.00004000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000
YT 0.0000+000 0.0CC0+000 0.0000+000 0.€000+000 0.0000+000 0.0000+GOC 0.0000+000 0.0000+000 0.0000+000 0.0G00+200
Yy 0.00004000 0.00C0+000 0.0000+000 0.C000+000 0.0000+4000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000
¥ C 14 1.€00C-001

¥ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00C00 0.00000 0.00000 0.00000 0.00000
Y 2.22000 2422000 2.22000 2.22000 2.22008 2.22043 2.22112 2.22197 2.22281 2.22365
i § 4426000 4.26000 4.26000 4.26000 4426009 4.26047 4.26124 4.26216 4426309 4426402
Y 6436000 6.36000 6.36000 6.36000 6.36010 6436056 6.36145 6.36253 6436362 6.36470
¥ B.46000 B.46000 8.46000 8446000 8.46010 B8.46056 B.46145 8446253 8.46362 8.46470
¥ 10.57000 10.57000 10.57000 10.57000 10.57009 10.57046 10.57120 10.57210 10.57299 10.57388
i 5 12.67985 12.67971 12.67956 12.67945 12.67954 12.68022 12.68195 12.68508 12.68978 12. 69608
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14.78015
16.8500C
18,99000
21.1Cc00
23.22000
25.34000
27.45000
29.55000
) 0 o
3.,0C00-003
3.0000-003
0.02265
21.13246
-C.00000
21.09197
2.0000-003
2.0C00-003
0.00240
21.1€257
0.0c00C
21.06827
0.0000+4000
0.0000+00C
0.0C00+00C
0.CCN0+COC
0.0000+000
0.0000+4000
0.0000+000
0.0000+00C
2.21774C00
2.1175+000
0.0000+000
0.0000+00C
0.0C00+00C
0.0000+000
0.0000+C00
0.0000+000
0.0000+000
0.0000+000
0.,0G00+000
0.€000+00C
0.CC00+000
0.G000+C00
0.0000+000
0.0000+00C
0.0000+000
2.0000-001
0.0C000
2.22000
4426000
6.3597C
8.45928
10.56886
12.67844
14, 78148
16.85084
18.95035
21.10000
23.22000
25.34000
27.45000
29.55000

14.78029
16.85000
18.59000
21.10C00
23.22000
25434000
27.45C0C
29.55000

0 0

3.0C00-003
3.00C0-003
2425602
23,24700
2.19100
23.20555
2.0CCC-C03
2.00C0-003
2.22242
23.22250
2.21768
23.21793
0.00C0+000
0.0CC0+000
0.0CC0+00C
2.0CC0+000
0.00C0+000
0.0000+000
0.,00C0+000
0.0CC0+000
2.0377+000
2.1175+000
0.0009+000
0.0CC0+000
0.00C0+000
0.00C04000
2.0000+000
0.0CC0+000
0.0CCO+000
0.00004070
0.,00C0+000
0.0cCCC+CO0
0.0CC0+000
0.0000+000
0.00C0+000
0.0000+000
0.00C0+000

0.00000
2.22000
4.26000
6435939
8.45855
10.56772
12.67683
14.78299
16.89167
18.99070
21.10000C
23.2200C
25.34000
27.45000
29.55000

14.78044
16.89003
18.59003
21.10003
23.22000
25.34000
27.45000
29.55000
o 0
3.0000-003
3.0000-003
4.29170
25.3670C
4423765
25.31846
2.00C0-003
2.0C00-003
4426243
25.34250
4.25774
25433757
0.0G00+000
0.0000+00¢C
0.0000+000
0.0000+00C
0.0000+000
0.0000+000
0.0000+00C
0.0000+000
2.0977+000
2.1075+000
0.0000+000
€.CC00+000
0.0002+000
0.00004000
0.0000+000
€.0000+000
0.000040G0
0.0000+000
5.1524-005
6.8699-0C5
5.1524-005
0.0000+000
0.0C00+000
0.0C00+000
0.0000+000

0.00000
2.22000
4.26000
6435909
8.45783
10.56659
12.67517
14.78453
16.89256
18.99112
21.10005
23.22000
25.34000
27.45000
25.55000C

14.78058 14.78060 14.78019
16.89015 16.89045 16.89088
18.99018 18.99066 18.99190
21.10012 21.10043 21.10129
23,22000 23.22007 23.22038
25.34000 25.34000 25.34000
27.45000 27.45000 27.45000
29.55000 29.55000 29.55000
0 o 0 o 0
3.€000-003 3.0000-003 3.0000-003
3,C000-003 3.0000-003
6.39170C 8.49088 10.61305
27.47700 29.64500
6.33702 B8.43770 10.54770
27.42300 29.52300
2.C000-003 2.0000-003 2.0000-003
2.C000-003 2.0000-003
6.36240 B.46239 10.57186
27.45250 30.55000
6.35776 B8.45780 10.56780
27.44750 29.54750
0.C000+000 ©.0000+4000 0.0000+000
0.60004000 0.0000+000
0.C000+000 0.0000+4000 ©.00004000
0.C000+000 0.0000+000
©.€000+4000 0.00004000 0.0000+C00
0.€000+000 0.0000+000
0.C000+4000 0.0000+000 C.0000+000
0.C000+4000 0.0000+4000
2.0977+000 2.1077+4000 2.1077+000
2.0975+000-0.0000+4000
0.C000+000 0.0000+000 0.0000+000
0.C000+400C 1.5457-004 B.5874-004
0.00004000 1.7175-004 9.4461-004
0.C0004000 2.0610-004 1.1164-003
0% C000+000 2.0610-004 1.1164-003
0.C000+000 1.7175-004 9.2744-004
6.8699-005 5.4959-004 2.1984-003

14.77902
16.89136
18.99425
21.10297
23.22107
25434000
27.45000
29.55000

3.0000-003
12.69608
12.65688

2.0000-003
12.68299
12.67775

0.0000+000

0.0000+4000
0.0000+000
0.0000+000
2.0976+000
0.0000+000

2.2499-003

2.4732-003

2.9025-003

2.9025-003

2.4045-003
5.9425-003

0.00000000‘2.5162-006-1.37#0-003-#-0017-003

3,€915-004 B8.9309-004 1.7690-003
3.6067-004 1.3225-003 3.7956-003
2.4045-004 B.5874-004 2.5762-003
0.0000+000 1.3740-004 7.5569-004
0.€000+000 0.0000+000 0.0000+C00
0.€000+000 0.00004000 0.0000+000
0.£000+4000 0.0000+000 0.0000+000
0.00000 0.00000 0.00000
2.22000 2.22015 2.22086
4.26000 4.26017 4.26094
6.35879 6.35869 6.35929
8.45710 B.45659 B.45677
10.56545 10.56448 10.5641C
12.67355 12.67232 12.67222
14.78610 14.78742 14.78791
16.89366 16.89508 16.89679
18.99176 18,99307 18.99590
21.10024 21.10086 21.10258
23.22000 23.22014 23.22076
25.34000 25.34000 25.34000
27.45000 27.45000 27.45000
29.55000 29.55000 29.55000

2.7136-003
8.5015-003
5.9425-003
2.1468-003
0.0000+4000
0.0000+4000
0.0000+000

0.00000
2.22225
4.26247
6.36078
B.45784
10.56444
12.67420
14.78690
16.89857
19.00095
21.10594
23.22215
25.34000
27.45000
29.55000

14.77683
16.89168
18.99786
21.10549
23.22218
25.34000
27.450C0
29.55000

3.0000-003
14.80848
14.76905

2.0000-003
14.78287
14.77716

0.0000+000

0.0000+000
0.0000+000
0.0000+000
2.1076+000
0.0000+000

3.9330-003

4.3280-003

5.0666-003

5.0666-003

4.1907-003
1.2503-002

-8.6733-003

3.3663-003
1.5715-002
1.0975-002
4.3624-003
0.0000+000
0.0000+000
0.0000+000

0.00000
2.22393
4.26433
6.36264
B8.45928
10.56509
12.67898
14,.78385
16.90006
19.00852
21.11097
23.22436
25434000
27.45000
29.55000

14.77351 14.76905
16.89173 16.89148
19.00275 19.00897
21.10872 21.11255
23.22366 23.22546
25.34000 25.34000
27.45000 27.45000
29.55000 29.55000
3.0000-003 3.0000-003
16.93597 19.02955
16.85208 18.96448
2.0000-003 2.0000-003
16.89302 18.99282
16.88820 18.98809

0.0000+4000 0.0000+000
0.0000+000 0.0000+000
0.00004000 0.0000+000
0.0000+000 0.0000+000
2.0976+4000 2.1076+000

0.0000+000 0.0000+4000
5.6162-003 7.2993-003
6.1829-003 8.0378-003
7.2306-003 9.3946-003
7.2306-003 9.3946-003
5.9768-003 7.7630-003
2.2190-002 3.5088-002
-1.5612-002-2.4818-002
3.4693-003 2.9541-003
2.5505-002 3.7939-002
1.7432-002 2.5092-002

7.3165-003 1.0923-202
0.00004000 0.00004000
0.00004000 0.0000+4000
0.00004000 0.0000+000
0.00000 0.00000
2.22562 2.22730
4,26618 4.26R04
6.36450 6.36636
B.46072 B.46216
10.56574 10.56638
12.68688 12.69798
14.77855 14.77098
16.90100 16.90133
19.01866 19.03144
21.11743 21.12509
23.22732 23.23092
25434000 25.34000
27.45000 27.45000
29.55000 29.55000
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LAY 130

MOCE 0

0 0 1

&1

0 0 1 L (] 0 0 0

0
3.0900-003 3.06C9-003 3.0000-003 3.C000-003 3.0000-003 3.0000-003 5.8028-006 5.8028-006 3.0000-003 3.0000-003
3.0070-003 3.0CC0-003 3.0000-0G3 3.€000-003 3.0000-003

0.C2630
21.13792
=-0.00000
21.11421
2.€000-003
2.0000-003
0.0C0230
21.1C264
C.0CC00
21.10067
G.0000+000
0.0C00+00C
0.0C0G+000
0.0000+20C
0.C000+000
0.0C00+000C
0.0000+000C
G.C00G+C00
2.2179+000
2.1175+C0C
0.0C00+C0C
0.000G+000
0.0C00+000
J.0C00+00C
0.0C00+C00
0.C000+000
0.0000+000
7.0C00+000
0.0C00+00C
0.0C00+C00
0.0000+00C
J.CG00+000
0.CC00+000
C.0000+00C
£.0000+000

3.0000-0C1

C.00000
2421943
4.25896
6.35860
B8.45830
10.56816
12.67762
14.78198
16486145
18.99099
21.10069
23,22045
25.34000
27.45000
29.55000
] “} =3
3.€C00-003
3.0000-003
0.03428
21414755
-Cc.0c000
21413979

2.25404
23.24700
2.19100
23.21809

4429334 6.38916 8.48339 10.61498 12.69798 14.81832 16.95821 19.04209
25436700 27.47700 29.64500
4.24130 6434104 8.43934 10.54516 12.64939 14.77098 16.85398 18.97432
25.32392 27.42300 29.52300

2.00C0-C03-1.6C00-003-1.0240-003-1.1806-005-1.9807-006-1.9807-006 6.0446-006 2.1475-004 1.2800-003

2.00C€0-003
2422235
23.22250
2.21785
23.21836
0.0C00+000
0.0CCC+C00
0.0CC2+000
0.0C00+000
0.0000+000
2.0CC0+C00
0.0CC0+C0C
0.0CCO+000
2.0378+000
2.1175+000
0.0CCN+000
0.0000+000
0.00C0+000
0.00C0+000C
0.0CC0+000
0.0CC0+000
0.0000+000
0.00C0+000
0.0CCC+000
0.00C0+000
0.0C00+000
0.0CC0+000
0.0CC0+000
0.00C00+000
0.0000+000

0.00000
2.21887
4425793
€.35713
B.45645
10.56598
12.67502
14,78411
1€.89295
18.99199
21.10139
23.22089
25.34000
27.45000
29.55000

-2 =2 30

2.0000-003 2.C000-003 2.0000-003

4.26084 6.35869 B.45659 10.56448 12.68966 14.78764 16.89518 18.99315
25.3425¢C 27.45250 30.55000
4+25798 6.35801 B8.45658 10.56448 12.67232 14.77007 16.89508 18.99307
25.33764 27.44750 29.54750

0.0000+000 C.C000+000 0.0000+000 0.00004000 ©.0000+000-9.9277+4000 0.0000+4000 0.0000+000
0.0000+000 0.CC00+000 0.0000+000

0.0000+000 0.C000+000 0.0000+4000 0.0000+000 1.2486+001 0.0000+000 0.0000+000 0.0000+000
0.0000+000 0.C000+000 0.0000+000

0.0000+000 0.€000+000 0.00004000-2.5122-001 0.0000+000 0.0000+00C 0.0000+000 0.0000+000
0.000C+000 0.C000+000 0.0000+000

0.C000+00C 0.C000+000 0.0000+4000 3.0705-0C1 0.0000+000 0.0000+000 0.0000+000 0.0000+000
0.0000+000 0.C000+4000 0.0000+000

2.0978+000 2.0979+000 2.1079+000 2.1078+000 2.0978+000 2.1077+4000 2.0978+000 2.1077+000
2.1C754000 2.0975+000-0.0000+4000

0.0C00+000 C.C000+000 0.0000+000 0.0000+00C 0.0000+000 0.0000+000 0.0000+000 0.0000+000
0.0000+000 0.0000+4000 2.3186-004 1.2881-003 3.3748-003 5.8995-003 B8.4242-003 1.0949-002
0.0000+00C 0.C0004000 2.5762-004 1.4169-003 3.7098-003 6.4921-003 9.2744-003 1.2057-002
0.0000+000 0.C0004000 3.0915-004 1.6745-003 4.3538-003 7.5998-003 1.0846-002 1.4092-002
0.0000+000 0.C000+4000 3.0915-004 1.6745-003 4.3538-003 7.5998-003 1.0846-002 1.4092-002
0.0000+000 0.C000+4000 2.5762-004 1.3912-003 3.6067-003 6.2860-003 8.9652-003 1.1645-002
0.0000+000 1.C305-004 B8.2439-004 3.2976-003 B8.9137-003 1.8755-002 3.3285-002 5.2632-002
0.0000+00C 0.C000+000-3.8643-004-2.0610-003-6.0026-003-1.3010-002-2.3418-002-3.7226-002
7.7287-005 4.6372-004 1.3396-003 2.6535-003 4.0704-003 5.0494-003 5.2040-003 4.4311-003
1.0305-004 5.4101-004 1.9837-003 5.6934-003 1.2752-002 2.3572-002 3.8257-002 5.6909-002
7.7287-005 3.6067-004 1.2881-003 3.8643-003 8.9137-003 1.6462-002 2.6149-002 3.7639-002
0.0C00+000 0.C000+4000 2.0610-004 1.1335-003 3.2203-003 6.5436-003 1.0975-002 1.6385-002
0.0000+000 0.C000+000 0.0000+4000 0.0000+000 0.00C0+000 0.0000+000 0.0000+00C 0.0000+000
0.0000+000 0.0000+000 0.0000+000 0.00004000 0.0000+4000 0.0000+000 0.0000+000 0.0000+000
0.0000+000 0.C000+000 0.0000+4000 0.0000+4000 0.0000+000 0.0000+000 0.0000+000 0.0000+000

0.0000C 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2.21830 2.21774 2421740 2.21789 2.21941 2.22137 2.22333 2.22529
4.25689 4425585 4425507 4425520 4425645 4425820 4.2599¢4 4.26169
6.35562 6435407 6.35282 6.35262 6.35373 6.35542 6.35710 6.35878
B.45448 8445243 B8.45065 B.44992 8445050 8.45165 8.45280 8.45396
10.56354 10.56093 10.55850 10.55692 10.55643 10.55640 10.55637 10.55635
12.67217 12.66916 12.66647 12.66524 12.66691 12.67262 12.68290 12.69793
14.78642 14.78894 14.79130 14.79261 14.79186 14.78820 14.78124 14.77093
16.89459 16.89656 16.89904 16.90196 16.90498 16.90756 16.90932 16.91016
18.99308 18.99452 18.99695 19.00166 19.00971 19.02152 19.03720 19.05685
21.10216 21.10314 21.10476 21.10803 21.11377 21.12202 21.13240 21.14458
23.22134 23.22178 23.22244 23.,22381 23.22634 23.23011 23,23499 23.24085
25434000 25.34000 25.34000 25.34000 25.34000 25434000 25.34000 25.34000
27.45000 27.45000 27.45000 27.45000 27.45000 27.45000 27.45000 27.45000
29.55000 29.55000 29.55000 29.55000 29.55000 29.55000 29.55000 29.55000

30 =32 1

0 0
3,0000-003 3.0C00-003 3.C000-003 3,0000-003 3.0000-003 2.0616-004 2.0616-004 3.0000-003 3.0000-003
3.0C€C0~-003 3,0000-003 3.0000-003 3.,0000-003

2.24768
23.24719
2.19100
23.23766

4.28577 6.38095 B8.47333 10.61493 12.69793 14.82718 16.98379 19.06166
25.36700 27.47700 29.64500
4423928 6433468 8443177 10.53695 12.63933 14.77093 16.85393 18.98318
25433355 27.42319 29.52300

2.0000-003~1.7180-004 3.6029-005 B.7961-005 3.6029-005-4,1943-004=6.5536-004 9.4447-006-1.8447-005 5.6295-005

29
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1.3744-004 2.00C0-C03

c.0C00C 2.21709
21.10479 23.22259
0.00000 2.21771
21.10476 23.22244

€.C000+000 0.0CCO+000
0.0000+4000 0.00C0+000
0.0000+000 0.00C0+000
0.0000+000 0.00C0+000

0.0C00+000-1.29614001-3.2509+001-5.512

0.00004000 0.0000+000
0.00004000 3.8882+4001
0.0000+000 0.00C0+000
2.21774000 2.0280+000
2.11754000 2.1175+000
0.00004000 0.0000+000
0.0000+4000 0.00004000
0.00004000 0.0CCO+00C
0.€000+000 0.0CC0+000
0.0000+000 0.00C2+000
0.00004000 0.0000+000
0.0000+000 0.00CC+000
0.0000+000 0.0CC0+000
0.00004000 2.00C0+000
0.0000+000 0.00C0+000
0.00004000 0.0CC2+000
0.00004000 0.00C0+C0C
0.0C004000 0.0000+000
0.00004000 0.0000+000
0.00004000 0.0000+000

4.,0000-001
0.00000 0.00000
2.21919 2.21839
4.25866 4.,25729
6.35838 €£.35656
B8.45757 B.45514
10.56788 10.56524
12.67736 12.67440
14.78288 14.78612
16.86220 16.89478
18.99196 18.99415
21.10177 21.10372
23.22158 23.22330
25.34138 25.34279
27.45094 27.45189
29.55084 29.55168

2.0000-003 2.C000-003 2.0000-003

4.25481 6435255 8.45038 10.55825
25.34250 27.45250 30.55000
4.25534 6.35308 B8.45092 10.55875
25.33979 27.44759 29.54750

0.0000+000 0.C000+000 0.0000+000 0.0000+000
0.00004000 0.0000+000 0.0000+000
0.0000+000 0.C000+000 0.0000+000 0.0000+000
0.00004000 0.C000+000 0.0000+000

0.00004000 0.0000+000 0.0000+000

5.4849+4001 8.30054001 1.2021+002 1.6598+002
0.0C00+400C 0.C000+4000 0.0000+000

2.0980+4000 2.0981+000 2.1081+000 2.1080+000
2.10754000 2.C9754000-0.0000+000

0.00004000 0.€000+000 0.0000+4000 0.0000+000
0.00004000 0.C0004000 3.0915-004 1.7175-003
0.00004000 0.C000+4000 3.4350-004 1.8892-003
0.00004000 0.C0004000 4.1220-004 2.2327-003
0.0000+4000 0.C000+000 4.1220-004 2.2327-003
0.00004000 0.C000+000 3.4350-004 1.8549-003
0.00004000 1.3740-004 1.0992-003 4.3967-003

12.69343

12.66647

14.79130 16.89902 18.99712

14.76414 16.89905 18.99695

0.0000+000-1.4496+002 0.0000+000 0.0000+4000

1.4994+002

3+4001-7.8836+001-9.3532+4001-1.9902+002

0.0000+000
2.0979+000

0.0000+000
4,4998-003
4.9463-003
5.8051-003
5.8051-003
4.8089-003
1.1885-002

0.0000+000 0.0000+000 0.0000+200
0.0000+000-1.1619+002 0.0000+000
2.1616+4002 1.1453+002 0.0000+000
2.10774000 2.0979+000 2.1078+000

0.0000+4000 0.0000+4000 0.0000+4000
7.8661-003 1.1232-002 1.4599-002
8.6561-003 1.2366-002 1.6076-002
1.0133-002 1.4461-002 1.8789-002
1.0133-002 1.4461-002 1.8789-002
8.3813-003 1.1954-002 1.5526-002
2.5007-002 4.4380-002 7.0176-002

0.0000+000 O.COOOOOOO-S.l52§-006-2.7§60-003-0-0035-003-1.7347-002-3.1224-002-&.9635-002
1.0305-004 6.1829-004 1.7862-003 3.5380-003 5.4272-003 6.7325-003 6.9386-003 5.9081-003
1.3740-004 7.2134-004 2.6449-003 7.5913-003 1.7003-002 3.1430-002 5.,1009-002 7.5878-002
1.0305-004 4.8089-004 1.7175-003 5.1524-003 1.1885-002 2.1949-002 3.4865-002 5.0185-002

0.00004000 0.C0004000 2.7480-004 1.5114-003

4.2937-003

8.7248-003 1.4633-002 2.1846-002

0.00004000 0.C000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+4000 0.£000+000 0.0000+000
0.00004000 0.C000+000 0.0000+000 0.00004000 0.0000+000 0.0000+000 0.0000+000 0.00004000
0.00004000 0.€000+000 0.0000+000 0.0000+000 0.00004000 0.0000+000 0.0000+000 0.00004000

0.00000 0.00000 0.00000 0.00000
2.21758 2.21677 2.21627 2.21687
4.25590 4.25450 4425344 4.25358
6435459 6.35252 6.35081 6.35050C
8.45271 » B.45028 B.44826 B.44T65
10.56222 10.55893 10.55586 10.55394
12.67103 12.66731 12.66387 12.66216
14.78974 14.79381 14.79784 14.80066
16489775 16.90133 16.90566 16.91059
18.99662 18.99954 19.00370 19.01070
21.10588 21.10834 21.11161 21.11697
23.22513 23.22707 23.22938 23.23272
25434424 25434571 25.34721 25.34873
27.45283 27.45377 27.45471 27.45566
29.55252 29.55336 29.55420 29.55504

“} = o =§ =2 30 W -2 -5 5 0 ]

3.0000-003 3.00C0-003

1 1
3.0000-003 3.0000-003 3.0000-003-2.4000-003

6.2308-007 1.3154=004-2.1923-008 3.0000-003 3.0000-003

0.03552 2.24812
21.16894 23.26191
-C.00000 2.19100
21.16889 23.26191

2.0000-003-6.5536-004
1.4757-005 1.7C14-007

0.0C000 2.21531
21.11187 23,2297
0.00000 2.21724
21.11161 23.22910

0.00004000 0.0CC0+000
0,00004000 0.0000+000

4,28553 6.38147 8.47086 10.62116
25.37640 27.48339 29.64500
4.24052 6.33512 8.43153 10.53747
25.35494 27.43791 29.53240

1.3744=004 1.3744-004 1.3744-004-1.6000-003~

1.4757-005 2.C000-003 2.0000-003

4.25263 6.34999 Bab4aTeL 10.55515
25.34920 27.45569 30.55000
4.25425 6.35163 B.44911 10.55658
25.34687 27.45471 29.55420

0.00000
2.21885
4.25523
6.35194
B8.44879
10.55346
12.66415
14.80088
16.91565
19.02199
21.12552
23.23766
25.35027
27.45660
29.55588

5.0332-004
12.70416
12.63686

1.6000-003
12.69986

12.66387

0.00000 0.00000 0.00000
2.22141 2.22397 2.22653
4.25753 4.25983 4.26213
6.35414 6.35634 6.35854
B.45069 B.45259 B.456448
10.55359 10.55373 10.55387
12.67138 12.68462 12.70416
14.79733 14.78946 14.77716
16.92013 16.92352 16.92566
19.03817 19.05942 19.08591
21.13733 21.15194 21.16894
23.24430 23.25245 23.26191
25.35182 25.35337 25.35494
27.45754 27.45849 27.45943
29.55672 29.55756 29.55840

5.0332-004 3,0000-003 6.6902-008

14.84263 17.01289 19.08591

14.77716 16.86016 18.99863

8.7961-005 5.6295-005-1.8093-011

14.79784 16.90563 19.00368

14.76133 16.90570 19.00372

0.0000+4000 0.C000+000 0.00004000 0.0000+000 0.00004000~-3,0035+002 0.0000+000 0.0000+000
0.00004000-2.28394001-5.9416+000 0.€000+000 0.0000+000

0.00004000 0.C000+000 0.00004000 0.0000+000 3.0675+002 0.00004000 0.00004000 4.6609+001

€S
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3.0586+001 2.9571+000 0.0000+000 0.C000+000 0.0000+000
0.0000+000-4.0126+001-1.0089+002-1.71554002-2.4788+002-2.6775+002-4.8914+002 0.0000+000-3.1573+002-2.9370+202

=1.2307+002
0.0000+00C
0.0C00+000
2.2172+000
2.1175+00C
0.0000+000
0.0C00+000
C.0000+000
0.0000+000
0.0C00+000
0.0C00+00C
0.0C00+0Q00
0.0000+00C
0.0000+000
0.0000+00C
0.0000+C00
0.C000+000
0.0000+000
0.0C00+000
0.CC00+000

0.000C0
2.21893
4425847
6.35760
8.45782
10.5€755
12.67715
14.78312
1€6.89253
18.95262
21.10231
23.22191
25.34186
27.45177
29.55135

0 =Y “wi" =i
3.0000-003
2.3768-006
0.03656
21.18255
-0.00000
21.18254

0.00C0+000 0.0000+000
1.2038+4002 1.6573+002
0.06C0+000 0.0000+000
2.0381+000 2.0982+000
2.1175+000 2.1075+007
0.0CCJ+00C 0.0000+00C
0.0CCC+000 0.0000+000
0.0GCN+300 0.0000+000
0.0000+000 0.0000+000
0.0CCO+000 G.0000+000
0.00CC+00C 0.0000+000
0.0000+000 0.000C+000
0.0000+000 G.C000+000
0.0CC0+000 1.2881-004
0.0CC0+000 1.7175-004
0.0CC0+000 1.2881-004
0.0000+000 0.0000+000
0.00C0+C00 0.000C+000
0.0CC0+C00 G.0C00+000
0.00C0+000 0.0000+000

5.0000-001

G.00000
2.21786
4.25679
€.35521
8.45509
1C.56438
12.67384
14.78671
16.89559
18.99562
21410495
23,22410
25.34399
27.45361 27.45551
29.55272 29.55410
-2 =2 30 30 -2
3.0000-003 3.0000-003
844442-005-7.7884-007
2.24778 4.28568
23.27554 25.38612
2.19100 4424156
23.27554 25.36855

€.00000
2.21679
4.25500
6.35281
8.45195
10.56066
12.66989
14.79090
16.89917
18.99886
21.10786
23.22655
25.34638

2.0000-003-645536-004 2.1475-004

1.5846-006
0.00000
21.11518
0.00000
21.11500
0.0000+000

0.0000+000~

0.0000+000
1.1503+002

2.1475-004 1.2554-009
2.21338 4.25018
23,23439 25.35189
2421671 4.25313
23.23242 25.35018
0.0000+4000 0.0C00+000
5.7314+001-6.1949+001
0.00C0+000 0.0000+000
1.4463+001 0.0000+000

0.C000+000 0.0000+000

2.58444002 3.1870+002 4.0563+002 0.0000+000 4.2781+4002 2.5233+002 1.3755+002
0.C000+000 0.0000+4000

2.0983+4000 2.1083+000 2.1082+000 2.0980+000 2.1078+000 2.0981+000 2.1079+000
2.0975+000-0.0000+000

0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.00004000 0.0000+000 0.0000+000
0.0000+000 3.8643-004 2.1468-003 5.6247-003 9.8326-003 1.4040-002 1.8248-002
0.0000+000 4.2937-004 2.3615-003 6.1829-003 1.0820-002 1.5457-002 2.0095-202
0.C000+000 5.1524-004 2.7909-003 7.2564-003 1.2666-002 1.8076-002 2.3487-002
0.0000+000 5.1524-004 2.7909-003 7.2564-003 1.2666-002 1.8076-002 2.3487-002
0.C000+000 4.2937-004 2.3186-003 6.0112-003 1.0477-002 1.4942-002 1.9408-002
1.7175-004 1.3740-003 5.4959-003 1.4856-002 3.1258-002 5.5475-002 B8.7720-002
0.C000+000-6.4405-004-3.4350-003-1.0004-002-2.1683-002-3.9030-002-6.2044-002
7.17287-004 2.2327-003 4.4225-003 6.7840-003 B8.4157-003 8.6733-003 7.3852-003
9.C168-004 3.3061-003 9.4891-003 2.1254-002 3.9287-002 6.3761-002 9.4848-002
6.0112-004 2.1468-003 6.4405-003 1.4856-002 2.7437-002 4.3581-002 6.2731-002
0.C000+000 3.4350-004 1.8892-003 5.3671-003 1.0906-002 1.8291-002 2.7308-002
0.C000+000 0.0000+4000 0.0000+000 0.0000+0CC 0.0000+000 0.0000+000 0.0000+000
0.C€000+000 0.0000+000 0.0000+000 G.0000+000 0.0000+000 0.0000+000 0.0000+000
0.C000+000 0.0000+000 0.0000+000 0.00004000 0.00004000 0.0000+000 0.0000+000

€.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2.21573 2.21504 2421573 2.21814 2.22128 2.22442 2.22756
4.25313 4.25166 4.25168 4.25360 4.25633 4.25906 4.26179
6.35042 6.34854 6.34842 6.35049 6435350 6.35652 6.35953
8444852 B.44548 B.44417 B.44505 8.44688 B8.44870 8445053
10.55658 10.55275 10.55035 10.54975 10.54992 10.55010 10.55027
12.66530 12.66075 12.65803 12.65963 12.66757 12.68286 12.70596
14.79582 14.80095 14.80486 14.80578 14.80218 14.79330 14.77896
16.90354 16.90885 16.91491 16.92114 16.92665 16.93078 16.93336
19.00238 19.00697 19.01448 19.02683 19.04488 19.06900 19.09954
21.11103 21.11500 21.12128 21.13128 21.14516 21.16240 21.18255
23.22923 23.23245 23.23703 23.24366 23.25246 23.26317 23.27554
25434902 25.35189 25.35497 25.35821 25.36159 25.36505 25.36855
27.45744 27.45939 27.46134 27.46329 27.46524 27.46719 27.46914
29.55549 29.55689 29.55829 29.55969 29.56109 29.56249 29.56388

5 5 D0 30 -l
3.0000-003 3.0000-003-6.2915-004 7.8643-004 7.8643-004 3.0000-003 1.4167-005
3.0000-003 3.0000-003

6437752 8446726 10.62296 12.70596 14.85035 17.02654 19.09954
27.49088 29.64500
6.33478 8.43168 10.53352 12.63326 14.77896 16.86196 19.00635
27.45154 29.54212

7.4829-009 2.1475-004-1.6000-003-1.6000-003 1.3744-004-3.0949-006-8.1130-007
1.3744-004-1.2677-006

6434704 8444393 10.55147 12.70288 14.80095 16.90877 19.00689
27.45939 30.55000
6435003 B.44703 10.55403 12.66075 14.75795 16.90892 19.00704
27.45939 29.55689

0.0000+000 0.0000+000 0.0000+4000 0.0000+000~5.5835+002 0.0000+000 0.0000+000
0.€000+000 0.0000+000
0.0000+4000-4.1359-025 0.0000+000 5.6433+002 0.0000+000 0.0000+000 2.0499+002
0.0000+000 0.0000+4000

0.00004000-6494334001~1.8424+4002-3,1113+002-4,52614002-4.7994+002-9.8624+002 0.0000+000-6.0212+002-1.1059+003
0.0000+000 0.00004000-3.1683+001-9.2260+000

~-3.7088+4002
0.00004000
0.0000+000
2421674000
2.1175+000
0.0000+C00

2.0830+002 3.1598+002
0.0000+4000 3.8582+001
2.0383+000 2.0983+000
2.11754000 2.1075+000
0.0C00+000 0.0000+4000

4435584002 6.4894+002 6.9639+002 0.00004000 9.1992+002 5.3771+002 6.0149+002
4438014000 0.0000+000
2.0985+000 2.1085+4000 2.1083+4000 2.0982+000 2.1079+000 2.0982+000 2.1080+000
2.€975+000-0.0000+000
0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000

i4°



M,C 50¢C

0.0G00+000 0.0000+000 0.0000+000 0.C000+000 4.6372-004
0.0000+4009 0,00C0+000 0.00004002 6.C000+000 5.1524-004
0.N000+000 0.0002400C C.CC00+000 0.C000+4000 6.1829-004
0.C0004C00 0.0002+009 ©.NJ00+000 0.C000+4000 6.1829-004
0.0090+4000 0.0009+4000 0.00004000 0.C0004000 5.1524-004
0.00004060 0.0C07+000 €.00004030 2.0610-004 1.6488-003

2.5762-003 6.7497-003 1.1799-002 1.6848-002 2.1898-002
2.8338-003 7.4195-003 1.2984-002 1.8549-002 2.4113-002
3.3491-003 8.7076-003 1.5200-002 2.1692-002 2.8184-002
3.3491-003 8.7076-003 1.5200-002 2.1692-002 2.8184-002
2.7823-003 7.2134-003 1.2572-002 1.7930-002 2.3289-002
6.5951-003 1.7827-002 3.7510-002 6.6570-002 1.0526-001

©.00004000 0.00CH+COC G.0000+00C 0.60000000-1.1287-004-‘.1220-003-1.2005-002-2.6020-002-4.6!36-00!-7-6‘53-002

0.C000+000 0.00C0+000 1.5457-004 9,2744-004 2.6793-003
0,00004000 0.00004000 2.0610-004 1.C820-003 3.9674-003
0.00004000 0.0CC0+000 1.5457-004 7.2134-004 2.5762-003
0.0C00+000 0.00CO+000 C.0C00+000 0.C0004000 4.1220-004
0.0C00+4000 0.00CN+000 0.0000+000 0.00004000 0.0000+000
0.00004000 2.0CC0+000 0.0000+000 0.£0004000 0.00004000
0.0000+4000 0,0000+000 U.0C00+000 0.€000+4000 0.0000+000

6.C00C-0C1
0.0000C 0.00C00 0.00000 0.00000 0.00000
2.21871 2.21742 2.21614 2.21485 2.21403
4.25831 4.25637 4425425 4,25200 4.25021
6.35721 6435443 6.35164 6434886 6434669
Be45758 Ba45446 £.45080 B.44680 B.44323
10.56729 1C.56370 10.55944 10.55473 10.55032
12.67701 12.67343 12.66902 12.66371 12.65828
14.78366 14.78796 14.79308 14.79920 14.80573
16.89307 16.89690 16.90145 16.90700 16.91371
18.99358 18.99778 19.00221 19.00669 19.01195
21.10312 21.10684 21.11089 21.11514 21.12004
23.22258 23,22571 23.22926 23.23310 23.23750
25434210 25434465 25434771 25.35130 25.35549
27.45209 27.45451 27.45719 27.46004 27.46297
29.55184 29.55385 29.55599 29.55822 29.56049

o} =§ =} =2 =2 30 3 =% -3 -5 3 3 -K 2
3,0000-003 3,00€0-C03 3.0000-003 3.€000-003 2.3768-006~
3.4588-005 1.3164=004-1.1334-005-2.4000-003 3.0000-003

0.03802 2.24821 4.28732 6.37672 B.46526
21.19715 23.29011 25439468 27.49884 29.64500
-0.00000 2.19100 4.24302 * 6.33521 B8.43332
21.19714 23.29015 25.38315 27.46611 29.55068

2.0000-003-6.5536=-004 2.1475-004-2.6844-004 3.3554-004~
-4,5036-005 3.6029-005 7.4829-009 5.6295-005-1.9807-006

0.00000 2.21176 4.24816 6.34463 B.44109
21.12002 23.23797 25.35549 27.46297 30.55000
0.00000 2.21629 4.25226 6.34875 B.44538
21.12006 23.23750 25.35502 27.46297 29.56049

0.00004000 0.00004000 0.0000+000 0.C000+000 0.0000+000

0.00004000-1,7238+002-1,8231+002 0.00004000 0.0000+000

0.00004000 0.00C0+000 0.0000+009 0.€000+000 0.0000+000

2.50734002 1.67204002 0.00004000 0.C000+000 0.00004000

0.00000000-0.62h90001-2.§5570002—h.20730002-6.25110002-
-9,06074002-1.7219+002 0.0000+4000-1.4286+002-7.8335+001

0.00004000 2.82754002 4.4140+002 6.0022+002 8.8924+002

1.8021+4002 0.00004000 2.43904002 1.1176+4001 0.0000+000

2.21634000 2.0385+000 2.09854000 2.C987+000 2.1087+200

2411754000 2.1175+000 2.10754000 2.0975+000-0.0000+000

0.00004000 0.0000+000 0.00004000 0.€0004000 0.0000+4000

0.0000+4000 0.0000+000 0.0000+4000 0.C0004000 5.4101-004

0.00004000 0.0000+000 0.00004000 0.C000+4000 6.0112-004

0.00004000 0.0000+000 0.0000+000 0.00004000 7.2134-004

7.00004000 0.00C0+000 0.00004000 0.C0004000 7.2134-004

0.00004000 0.0000+000 0.00004000 0.C000+000 6.0112-004

0.00004000 0.0CC0+00C 0.00004000 2.4045-004 1.9236-003

0.20004000 0.0002+000 0.0000+4000 0.C000+000-9.0168-004~
0.0000+4000 0.0000+000 1.8034-004 1.C820-003 3.1258-003

5.3070-003 8.1409-003 1.0099-002 1.0408-002 8.8622-003
1.1387-002 2.5505-002 4.7145-002 7.6514-002 1.1382-001
7.7287-003 1.7827-002 3.2924-002 5.2297-002 7.5277-002
2.2671-003 6.4405-003 1.3087-002 2.1949-002 3.2770-002
0.00004000 0.0000+000 0.0000+000 0.0000+4000 0.0000+000
0.0000+4000 0.0000+000 0.0000+000 0.0000+000 0.0000+4000
0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000

0.00000 0.00000 0.00000 0.00000 0.00000
2.21485 2.21774 2.22150 2.22526 2.22902
4.25021 4.25248 4.25572 4,25897 4.26221
6.34664 6.34921 6435292 6.35662 6.36033
8444175 B8.44290 8.44517 Bl 44745 B8.44973
10.54762 10.54709 10.54748 10.54788 10.54827
12.65483 12.65637 12.66539 12.68314 12.71020
14.81097 14.81277 14.80926 14.79949 14.78320
16.92134 16.92917 16.93612 16.94143 16.94488
19.02006 19.03339 19.05313 19.07986 19.11415
21.12731 21.13871 21.15448 21.17411 21.19715
23.24338 23.25161 23.26231 23.27524 23.29013
25.36027 25.36555 25.37121 25.37711 25.38315
27.46592 27.46886 27.47181 27.47475 27.47770
29.56276 29.56504 29.56732 29.56959 29.57187

6.2915-004 7.8643-004 7.8643-004 3.0000-003 2.2136-005

10.62720 12.71020 14.86184 17.04114 19.11415

10.53272 12.63126 14.78320 16.86620 19.01784

1.6000-003-1.6000-003 3.3554-004-7.5558-006-7.5558-006

10.54862 12.70759 14.80573 16.91359 19.01187

10.55202 12.65828 14.75540 16.91384 19.01204

0.0000+000 0.0000+000-7.7691+002 0.0000+000 0.0000+000
0.00004000 7.8972+002 0.0000+000 0.00004000 4.0446+4002
6.3666+002-1.42464003 0.00004000-9.7187+4002-1.6878+003
9.1265+002 0.00004000 1.2980+003 8.93554002 6.76564002
2.10854000 2.0983+000 2.1080+000 2.0983+4000 2.1081+000

0.00004000 0.0000+000 0.0000+000 0.0000+000 0.00004000
3.0056-003 7.8746-003 1.3766-002 1.9657-002 2.5548-002
3.3061-003 8.6561-003 1.5148-002 2.1640-002 2.8132-002
3.9073-003 1.0159-002 1.7733-002 2.5307-002 3.2881-002
3.9073-003 1.0159-002 1.7733-002 2.5307-002 3,2881-002
3.2460-003 8.4157-003 1.4667-002 2.0919-002 2.7171-002
7.6943-003 2.0799-002 4.3761-002 7.7664-002 1.2281-001
Q-!009-003-1.0006-002-3.0356-002-5.‘662-002-3.6562-002
6.1915-003 9.4977-003 1.1782-002 1.2143-002 1.0339-002

sS



0.0000+C00
0.0000+000
0.0000+000
0.0000+000
0.0000+000
0.0000+000
7.0000-001

0.00000
2.21859
4.25778
6.35772
8445732
10.56700
12.67687
14.78385
16.85338
18.95417
21.10358
23.22290
25.34262
27.45271
29.55312

R

50¢C

0.0000+000
0.0000+000
0.0000+000
0.0C00+000
0.00C0+000
0.00C0+000

0.00000
2.21710
4425545
6.35481
8.45376
10.56293
12.67303
14.78847
16.89766
18.99912
21.10791
23.22650
25434597
27.45602
29.55624
=3 T ag B

2.4045-004 1.2623-003 4.6286-003 1.3285-002 2.9755-002 5.5002-002 8.9266-002 1.3279-001
1.8034-004 8.4157-004 3.0056-003 9.0168-003 2.0799-002 3.8411-002 6.1013-002 8.7823-002
0.0000+000 0.C000+000 4.8089-004 2.6449-003 7.5140-003 1.5268-002 2.5608-002 3.8231-002
0.0000+000 0.0000+000 0.00G0+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000
0.0000+000 0.C000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+C00 0.0000+000
0.00004000 0.C000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+4000 0.0000+000

0.00000
2.21556
4.25303
6435144
8.44954
10.55806
12.66811
14.79411
16.90278
19.00426
21.11264
23.23069
25435006
27.45979
29455935
30 =2

0.00000
2.21399
4425055
6.34776
B8.44489
10.55265
12.66198
14.80105
16.90907
19.00933
21.11758
23.23531
25435492
27.46385
29.56247
=g =5 3

0.00000
2.21294
4424865
6.34464
B8.44074
10.54758
12.65547
14.80866
16.91673
19.01508
21.12323
23.24071
25.36059
27.46807
29.56559
an =3 sk

0.00000
2.21381
4.24884
6.34397
8443902
10.54450
12.65100
14.81500
16.92544
19.02385
21.13156
23.24797
25436705
27.47232
29.56871

0.00000
2.21708
4425168
6.34636
B.44036

10.54395
12.65211
14.81753
16.93440
19.03846
21.14463
23.25806
25.37418
27.4765T
29.57183

3.0000-003 3,0000-003 3.0000-003 3.C000-003 4.2817-008-1.5360-003 7.8643-004
B8+4442-005 8.4442-005 3.4588-005-2.4000-003 3,0000-003

€.03896
21.21187
-0.00000
21.21191

2424911
23.30487
2.19100
23.30493

4428448
25.40627
4.24396
25.39787

6437535
27.50815
6.33611
27.48087

B.46253
29.64500
8.43048
29.56227

10.62902

10.53135

12.71202

12.62853

2.0000-003-6.5536-004 3.3554-004 8.1920-004 2.1475-004-1.6000-003-1.6000-003
~7.5558-006 2.3053-005 1.0889-007 8.7961-005 8.0347-010

0.00000
21.12321
¢.0C000
21.12325

2.21004
23.24307
2.21583
23.24071

4424598
25.36059
4425132
25.35821

6434193
27.46807
6434736
27.46807

B.43792
30.55000
B. 44356
29.56559

10.54545

10.54971

12.71047

12.65547

0.00000
2.22138
4425566
6.35007
8.44303
10.54448
12.66177
14.81401
16.94233
19.06035
21.16275
23.27114
25.38180
27.48081
29.57495

0.00000
2.22567
4.25964
6.35378
B.44569
10.54501
12.68149
14.80330
16.94834
19.09026
21.18535
23.28686
25.38975
27.48506
29.57806

0.00000
2.22997
4.26362
6.35749
B.44836

10.54554
12.71202
14.78502
16.95219
19.12893
21.21189
23.30490
25.39787
27.48931
29.58118

7.8643-004 3.0000-003 3.4588-005

14.86914

14.78502

17.05591

16.86802

19.12893

19.02514

5.2429-004-3.0949-006-7.0369-005

14.80866
14.75252

16.91653

16.91692

19.01497

19.01519

0.0000+000 0.0€C0+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000-1.0489+003 0.0000+000 0.0000+000
~1.6486+4002-3.4745+4002-2.4091+4002-6.6174-024 0.0000+000
0.00004000 0.0600+C00 0.0000+00C 0.€000+000 0.0000+000 0.0000+000 1.0668+003 0.0000+000 0.0000+000 5.4213+002
4479164002 3.05C5+002 0.0000+4000 0.C000+000 0.0000+000
0.0000+000-1.2059+002-3,3361+4002-5.6586+002-8.2318+4002-7.9885+002-1.9680+003 0.0000+000-1.4408+003~-2.1928+003
=1.1056+003-1.4221+002 0.0000+000-2.3733+002 0.0000+000
0.0000+000 3.6354+002 5.63064002 B.4863+002 1.1642+003 1.1386+003 0.0000+000 1.8232+4003 1.3883+003 8.5216+002
1.9290+4002 0.00C0+000 2.8026+002 1.8574-001 0.0000+000
2.2158+000 2.0386+4000 2.0987+000 2.C989+000 2.1089+000 2.1087+000 2.0984+000 2.1080+000 2.0985+000 2.1082+000
2.11754000 2.1175+4000 2.1075+4000 2.C975+000-0.0000+000
0.0000+000 0.0CCO+C0O0 0.0000+4000 0.C000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000 0.0000+000
0.0000+000 0.00C0+000 0.0000+000 0.C000+000 6.1829-004 3.4350-003 8.9996-003 1.5732-002 2.2465-002 2.9197-002
0.0000+000 0.0000+000 0.0000+000 0.0000+000 6.8699-004 3.7785-003 9.8927-003 1.7312-002 2.4732-002 3.2151-002
0.0000+000 0.0C00+000 0.0000+000 0.C000+000 8.2439-004 4.4654-003 1.1610-002 2.0266-002 2.8922-002 3.7578-002
0.0000+000 0.0000+000 0.0000+000 0.C000+000 B.2439-004 4.4654-003 1.1610-002 2.0266-002 2.8922-002 3.7578-002
0.,0000+4000 0.0CC0+C00 0.0000+000 0.C000+000 6.8699-004 3.7098-003 9.6179-003 1.6763-002 2.3907-002 3.1052-002
0.00004000 2.0000+4000 0.0000+000 2.7480-004 2.1984-003 8.7935-003 2.3770-002 5.0013-002 8.8759-002 1.4035-001
0.0000+000 0.0000+000 0.0000+00C 0.00004000-1.0305-003-5.4959-003-1.6007-002-3.4693-002-6.2448-002-9.9270-002
0.0000+000 0.0CC0+0300 2.0610-004 1.2366-003
0.0000+000 0.0000+000 2.7480-004 1.4427-003
0.00004000 0.0000+000 2.0610-004 9.6179-004
0.0000+000 0.00004000 0.0000+000 0.0000+000
0.0000+000 0.0000+4000 0.0000+4000 0.C000+000
0.0000+000 0.00CC+000 0.00004000 0,C000+000
0.0000+000 0.00004000 0.0000+000 0.0000+000

500 8.0000-001
0.00000

0.00000

0.00000

0.00000

3.5724-003 7.0760-003
5.2898-003 1.5183-002
3.4350-003 1.0305-002
5.4959-004 3.0228-003
0.0000+4000 0.0000+000
0.0000+000 0.0000+000
0.0000+4000 0.0000+000

0.00000

0.00000

8.5874-003
0.0000+000
0.0000+000
0.0000+000

0.00000

1.0854-002 1.3465-002 1.3877-002 1.1816-002
3.4006-002 6.2860-002 1.0202-001 1.5176-001
2.3770-002

4.3899-002 6.9730-002 1.0037-001
1.7450-002 2.9266-002 4.3693-002
0.0000+000 0.0000+000 0.0000+000
0.0000+000 0.0000+000 0.0000+000
0.0000+000 0.0000+000 0.0000+000

0.00000

0.00000

0.00000

o5



P e e
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0

2.21849
4425736
6435755
B.45713
10.56681
12.67681
14.78466
16.85409
18.96531
21.10458
23,22373
25.34284
27.45318
29.55288
-2 =2 =2

2.21684
4425471
6.35439
8.45327
1C.56244
12.67281
14.79026
16.89937
15.0017C
21.11022
23.22851
25.34660
27.45716
29.55643
-2 -2 30

2.21510

4425205

6.35067

B.44866
10.55717
12.66756
14.79713
16.90575
15.00833
21.11640
23.23406
25.35139
27.46175
29.56049

30 =2 =5 =5
3.0000-003 3.00C0-C03 3.0C00-

1.3194=004 2.2126=005 5.4043-005

0.04037
21.22907
-0.0C00C
21.22920

2.0000-003-1,0240-003 1.3744-004 8.1920~

2425156
23.32204
2.19100
23.32218

4428549
25.41505
4424537
25.41507

2.21328 2.21206
4.24939 4.26741
6434660 6.34317
B.44356 8.43903
10.55130 10.54582
12.66088 12.65370
14.80555 14.81482
16.91356 16.92297
19.01468 19.02141
21.12272 21.12963
23.24014 23.24703
25.35731 25436449
27.46675 27.47194
29.56488 29.56945

-3 =30 =2

1.1224-008-2.4000-003

6.37580 B.46210
27.51697 29.64500
6.33856 B.43149
27.49804 29.57105

-3,0949-006 5.6255-005 4.1538-007 3,6029-005-2.4520-009

500

0.0C000
21.12952
0.0C000
21.12973

0.0000+400C 0.00C0+000 O

-5,26824002~

0.00004000-1.4260+002-3.
=2.15494003-9,4327+4002-3.
0400004000 4.3185+002 6.

2.20863
23.24696
2421548
23.24710

4.24433
25436445
4.25050
25.36452

6.34006 B8.43578
27.47193 30.55000
6.34628 B.44228
27.47196 29.56945

.0000+000 0.€000+000 0.0000+4000 0.0

6.12534002-4,7569+4002-1.3235-023 0.0000+000
0.00004000 7,00C0+000 0.0C00+000 0.0000+000 0.0000+000
9.79634002 6.12374002 8.2556+001 0.0000+4000 0.0000+000

9.00554002 6.5325+002 9434994002
2.21554000 2.0388+4000 2.0989+000
7.11754000 2.1175+000 2.1C75+000
0.00004000 0.0CC0+00C 0.0600+00C
0.00004000 0.00004000 0.0000+00C
0.00004000 0.0000+4000 0.0000+000
0.0000+000 0.0CC0+C00 0.0000+4000
0.00004000 0.00CN+000 0.0C00+000
0.00004000 0.0CC0+000 0.0000+000
0.00004000 0.00004000 0.0000+000
0.00004000 7.00C0+00C 0.0000+4000
0.00004000 0.0C00+000 2.3186-004
0.00004000 0.0CC0+000 3.C915-004
0.00004000 0.00C0+000 2.3186-004
0.0000+000 0.00C0+000 0.0000+000
0.0000400C 0.00C0+000 0.0000+000
0.00004000 0.0000+4000 0.0000+000
0.00004000 0.00C0+000 0.0000+000

9.0000-0C1
0.0C000
2.21840
4.25710
6.35739
B.45691
10.56659
12.67682
14.78468
16.86431

0.00000
2.21660
4.25420
6.35394
B.45270
10.56183
12.67271
14.79042
16.89991

0.00000
2.21466
4,25130
6434987
B.44T64
10.55608
12.646709
14.79763
16.90671

8555+4002-6.4740+
43674002~
43034002 9.7208+002 1.3389+003 1.2904+003 0.0000+4000 2.1186+003

5.C5074002-3.0691+002

2.03654002 0.00004000
209914000 2.1091+000
2.€9754000-0.00004000
0.0000+000 0.0000+000
0.0000+000 6.9558-004
0.C000+4000 7.7287-004
0.C000+000 9.2744-004
0.00004000 9.2744-004
0.00004000 7.7287-004
3.0915-004 2.4732-003

0.(0000000°l.1593'003-6.1029-003-1.8000-002-3

002-9.,4798+002~

2.21302

4.24784

6.34253

B.43728
10.54263
12.64874
14.82271
16.93360
19.03107
21.13925
23.25589
25.37296
27.47717
29.57405

2
003 3.C000-003 3.1594-010-2.7670-005

10.63544
10.53180

10.54340

10.54824

2.21673 2.22161
4.25129 4.25605
634539 6434976
8.43903 B.44229
10.54232 10.54326
12.65008 12.66112
14.82630 14.82302
16.94450 16.95423
19.04692 19.07075
21.15397 21.17424
23.26784 23.28309
25.38253 25.39292
27.48241 27.48764
29.57864 29.58323

7.8643-004 7.8643-004
12.71844 14.88377

12.62810 14.79144

004 3.3554-004-1.6000-003-1.6000-003 5.2429-004

12.71651 14.81482

12.65370 14.75077

2.22649 2.23137
4.26081 4.26556
6.35413 6.35850
8.44555 B.44881
10.54419 10.54512
12.68362 12.71844
14.81155 14.79144
16.96177 16.96683
19.10352 19.14618
21419947 21.22913
23.30129  23.32211
25.40385 25.41506
27.49288 27.49811
29.58783 29.59242

3.0000-003 1.3194-004
17.07320 19.14618

16.87444 19.03977

-2.1268-007-2.1268-